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ABSTRAKSI

PERANCANGAN DAN PEMBUATAN PAPAN SKOR PADA PANAHAN
YANG DILENGKAPI DENGAN KELUARAN SUARA BERBASIS
MIKROKONTROLLER AT89S8252

(Setyo Hadi Pramono, 01.17.043, Jurusan Teknik ElektroS-1/Elektronika)
( Dosen Pembimbing : Ir. F.Yudi Limpraptono, MT )

Kata kunci: Mikrokontroler AT 8958252, Papan Skor, Tampilan, suara.

Papan skor yang dilengkapi dengan keluaran angka dan suara untuk olah
raga panahan yang mampu mengeluarkan nilai melalui display seven segmen dan
keluaran suara melalui speaker yang dapat dilihat dan didengar langsung oleh
pemanah maupun panitia. Dengan dibuatnya alat ini maka diharapkan dapat
membantu panitia untuk pencatatan skor yang di peroleh pemanah secara
langsung dan tidak mondar mandir dilapangan sehingga menghambat jalannya
perlombaan.

Sistem ini menggunakan Mikrokontroller AT89S8252 sebagai basisnya.
Alat yang dibuat meliputi perencanaan perangkat keras dan perangkat lunak.
Perencanaan perangkat keras meliputi: papan panahan, rangkaian display seven
segmen, rangkaian ISD, rangkaian penguat audio, rangkaian serial, minimum
sistem Mikrokontroller AT89S8252.

Dari hasil pengujian sampel lemparan anak panah ke papan skor sebanyak
45 kali maka dapat diketahui bahwa jumlah yang sukses 39 kali sehingga didapat
kesalahan dalam pengujian ini sebesar 6 kali dengan jarak 3-5 m. Kesalahan ini
dapat terjadi karena beberapa hal, antara lain jarak antara pelemparan anak panah
pada papan target, kekuatan tekanan, maupun faktor kesalahan manusia yang
terjadi dalam penggunaan alat ini. Dari hasil pengujian maka dapat dikatakan
sistem bekerja sesuai dengan yang direncanakan. Dalam perancangan ini kami
berharap agar alat ini dapat bermanfaat membantu memudahkan pencatatan skor
pada olah raga panahan.
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Skripsi

BABI
PENDAHULUAN

1.1  Latar belakang

Dalam era globalisasi dan modern sekarang ini, kemajuan di bidang
teknologi telah menjadi alternatif utama. Teknologi berkembang dengan pesat
dalam kehidupan bermasyarakat, karena itu kita dituntut untuk mengikuti
perkembangan tersebut. Salah satunya ialah dengan cara pembuatan papan skor
pada olah raga panahan yang dilengkapi dengan -output suara.

Saat ini papan skor pada olah raga panahan bisa dibilang masih bersifat
konvensional, hal ini dikarenakan waktu melihat skor pada panahan masih manual
yaitu panitia dan pemanah jalan ke tempat papan panahan, Sehingga pemanah
lain tidak bisa melihat skor secara langsung dan panitia tidak usah mondar-mandir
melihat skor pemanah satu ke satu pemanah yang lain.

Untuk menanggulangi hal tersebut maka direncanakan dan dibuat suatu
alat yang dapat menampilkan skor secara langsung sekaligus dengan
mengeluarkan suara dari skor yang di dapat pemanah yang tertera pada papan
skor.

1.2 Rumusan Masalah

Dalam pembuatan papan skor pada olah raga panahan yang dilengkapi
dengan output suara dibutuhkan sarana hardware dan software

Dari Hardware :

¢ Membuat papan tembakan untuk olah raga panahan yang dilengkapi

dengan sensor tekanan untuk data inputan.

Institut Teknologi Nasional Malang



Skripsi

¢ Membuat perangkat keras dari mikrokontroller AT89C8252 yang
berfungsi sebagai pengolah data dari inputan sensor tekanan yang
akan ditampilkan pada Seven Segment dan pengontrolan suara yang
akan dikeluarkan oleh ISD serta untuk mengendalikan rangkaian-
rangkaian yang dihubungkan dengan mikrokontroler tersebut.

Dari software:

¢ Membuat program yang berfungsi sebagai pengolahan data-data yang
diterima melalui sensor tekanan untuk ditampilkan pada Seven
Segment dan pengendalian dari suara yang akan dikeluarkan oleh

ISD.

1.3  Tujuan

Tujuan dari penulisan skripsi ini adalah untuk membuat suatu alat yang
dapat menampilkan skor pada olah raga panahan yang dilengkapi dengan suara
dari skor yang di peroleh pemanah sehingga informasi tersebut dapat dilihat dan
didengar oleh semua pemanah lain dan disampaikan dengan mudah. Dan panitia
hanya melihat dan mendengar hasilnya dan menulis pada lembar penilaian/ skor

yang di peroleh pemanah.

1.4  Batasan Masalah
Agar permasalahan tidak meluas, maka skripsi ini akan dibatasi hanya

pada hal-hal berikut ini:

Institut Tekpologi Nasional Malang



. Bahasa pemprograman yang digunakan adalah bahasa C dengan
SDCC (Small Device C Compiler) untuk minimum sistem AT
8958252.

. Menampilkan hasil penilaian panahan pada display segmen dan
output suara dari ISD.

. Alat ini hanya terbatas pada Prototype saja dan tidak menekankan
bagaimana olah raga panahan secara sesungguhnya.

. Sistem penilaian alat ini hanya menekankan pada ketepatan sasaran
tembakan.

. Pemanah melakukan 6 kali tembakan.

. Tidak membahas catu daya.

Metodologi

. Metodologi Studi Literature, meliputi :

- Mempelajari bahasa C dengan SDCC (Small Device C Compiler)
untuk minimum sistem AT 89S8252.
- Mempelajari karakteristik dari ISD yang digunakan.

- Mempelajari penilaian olah raga panahan.

. Pengumpulan data, meliputi :

Karakteristik dari sensor tekanan, mikrokontroler, rangkaian penguat,

ISD dan seven segment.

. Analisa Perancangan

Rancangan dari tugas akhir yang di buat terdiri dari:

Institut Teknologi Nasional Malang



Skripsi

- Sensor tekanan sebagai inputan yang akan diolah oleh
mikrokontroler dan ditampilkan ke seven segment dan ISD.

- Penggunaan ISD sebagai output suara yang akan dikeluarkan
sehingga data yang dimasukkan sama dengan keluaran dari suara
yang dihasilkan dari ISD yang telah direkam sebelumnya.

4. Pembuatan Alat
Dalam hal ini alat yang akan dibuat adalah sebagai berikut :

- Membuat parangkat keras papan tembakan untuk olah raga
panahan.

- Membuat perangkat keras dan lunak untuk mikrokontroler
AT89S58252 sebagai pengolah data inputan untuk tampilkan pada
Seven Segment dan pengontrol keluaran suara dari ISD.

5. Pengujian Alat

Pengujian dan pemrograman alat dilakukan saat mencapai tahap akhir

untuk menemukan kesalahan atau kekurangan pada program dan alat

tersebut untuk selanjutnya dilakukan perbaikan.

1.6  Sistematika Penulisan
Sistematika penulisan dari tugas akhir ini adalah sebagai berikut :
e BABI : Pendahuluan
Membahas tentang latar belakang permasalahan, tujuan dan
manfaat, batasan masalah, metodologi, dan sistematika

penulisan.

e ————— ——————————  ———
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e BABII : Teori Penunjang
Merupakan teori penunjang dari alat dan program yang
dibuat

e BABIII : Perancangan dan Pembuatan Program dan Alat
Membahas tentang perancangan alat dan program yang
digunakan, mulai dari pembuatan hardware, software, ISD
dan cara kerja alat.

e BABIV : Pengujian Program dan Alat
Membahas pengujian dari program dan alat yang telah
selesai dengan menjalankan program tersebut dan
mengamati hasilnya.

e BABVI : Kesimpulan

Membahas tentang kesimpulan dari hasil perancangan
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BAB II

TEORI PENUNJANG

Landasan teori ini sangat membantu untuk dapat memahami suatu sistem.
Disamping itu dapat juga dijadikan sebagai bahan acuan didalam merencanakan
suatu sistem. Dengan pertimbangan hal-hal tersebut maka landasan teori

merupakan bagian yang harus dipahami untuk pembahasan selanjutnya.

2.1  Mikrokontroler AT89S8252

Mikrokontroler AT89S8252 merupakan mikrokontroler 8 bit kompatibel
dengan Standar industri MCS-51™ baik atas segi pemrograman maupun kaki tiap
pin. Mikrokontroler AT89S8252 menpunyai 8 Kby (FlashProgrammable and
Read Only Memori ) pada dasarnya mikrokontroler adalah terdiri atas
mikroprosesor, timer, dan counter, perangkat /O dan internal memori.
Mikrokontroler termasuk perangkat yang sudah didesain dalam chip tunggal.

Pada dasarnya mikrokontroler mempunyai fungsi yang sama dengan
mikroprosesor yaitu untuk mengontrol suatu kerja system. Selain itu
mikrokontroler juga dikemas dalam satu chip (single chip). Didalam
mikrokontroler juga terdapat CPU, ALU, PC, SP, dan register seperti dalam
mikroprosesor, tetapi juga ditambah dengan perangkat-perangkat lain seperti
ROM, RAM, PIO, SIO, counter dan sebuah rangkaian clock. Mikroprosesor
didesain dengan intruksi-intruksi lebih luas dan 8 bit instruksi yang digunakan

membaca data instruksi dari internal memori ke ALU. Sebagai suatu system
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control mikrokontroler bila dibandingkan dengan mikroprosesor memiliki
kemampuan dan segi ekonomis yang bisa diandalkan karena dalam
mikrokontroler sudah terdapat RAM dan ROM. Sedangkan mikroprosesor
didalamnya tidak terdapat keduanya. Terlihat bahwa mikrokontroler Atmel
AT89S8252 memilki banyak fitur yang menguntungkan. Dipakainya
downloadable flash memori memungkinkan mikrokontroler ini bekerja sendiri
tanpa diperlukan tambahan chip lainya. Sementara Flash memorinya mampu
diprogram hingga seribu kali. Hal lain yang menguntungkan adalah system
pemrograman menjadi lebih sederhana dan tidak memerlukan rangkaian yang
rumit seperti rangkaian untuk memprogram produk Atmel lainya. Secara umum
konfigurasi yang dimiliki mikrokontroler AT89S8252 adalah sebagai berikut :
(Atmel, 1997:4-105)

= Sebuah CPU 8 bit dengan menggunakan teknologi dari Atmel.

8K byte Downloadable Flash Memori.

= 2K byte EEPROM

» Sebuah port serial dengan control full duplex UART (Universal
Asynchronous Receiver Transmiter.

= 256 byte RAM internal.

* 32 I/O yang dapat dipakai semua.

= 3 buah Timer/Counter 16 bit .

s SPI Serial Interface.

®* Programmable Watchdog Timer .

®  Dual Data Pointer.

*= Frekuensi kerja 0 sampai 24 MHz
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= Tegangan operasi 2,7 Volt sampai 6Volt.
» Kemampuan melaksanakan operasi perkalian, pembagian, dan operasi
Bolean (bit)

Sedangkan untuk blok diagram AT89S8252 diperlihatkan dalam gambar 2.1

P2z -PLT

P05 - POT
______ 3 O A e o o S s o e o o o S
Ve
SCRT © DRVERS PORT 2 SRIVERS
SN [ t y 1

PORT SAT 2 -
zeracy | | BRASE | aav oI PR FLASH
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Gambar 2.1 Blok Diagram AT8958252!"/

2.1.1. Penjelasan Fungsi Pin AT89S8252
Mikrokontroler AT89S8252 mempunyai 40 pin seperti yang ditunjukkan

dalam gambar 2-2 Fungsi-fungsi pin dijelaskan sebagai berikut :
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N/
(T2)P1.001 40 Qvee
(T2EX)P1.1 ]2 39 [1P0.0 (ADO)
P1.20]3 38 [1P0.1 (AD1)
P1.3[C]4 37 [1P0.2 (AD2)
(S5)P1.4C]5 36 [1P0.3 (AD3)
(MOS)) P1.5C]6 35 [1P0.4 (AD4)
(MISO) P1.6 017 34 [1P0.5 (ADS)
(SCK)P1.70]8 33 1 PO.6 (ADS6)
RSTO9 32 P07 (AD7)
(RXD) P3.0 ] 10 31 0 EAVPP
(TXD) P3.1 [ 14 30 [1 ALE/PROG
(NTO) P3.2[] 12 29 O PSEN
(INT7) P3.30] 13 28 AP27 (A15)
(T0) P3.4 ] 14 27 AP26 (Al4)
(T1) P3.6C] 15 26 P25 (A13)
(WR) P36 16 25 1 P2.4 (A12)
(RD) P3.7 ] 17 24 [1P2.3 (A1)
XTAL2[] 18 23[1P2.2 (A10)
XTAL1 ] 19 22 1P2.1 (A9)
GND [ 20 21 QP20 (A8)

..........................................................................

Gambar 2.2 Susunan Pin AT89S8252!"

» Pin 1 sampai 8
Port 1 yang terdiri atas pin 1 sampai 8 merupakan saluran
masukan/keluaran dua arah.

» Pin9
RST merupakan saluran dua masukan untuk mereset mikrokontroler
dengan cara memberi masukan logika tinggi.

» Pin 10 sampai 17
Port 3 yang terdiri atas pin 10 sampai pin 17 merupakan saluran
masukan/keluaran dua arah dan mempunyai fungsi khusus seperti yang

terlihat dalam tabel 2.1
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> Pin 18 dan 19
XTAL, dan XTAL; merupakan saluran untuk mengatur pewaktuan
system. Untuk pewaktuan dapat menggunakan pewaktuan internal maupun
eksternal .

» Pin20
Vss merupakan hubungan ke ground dari rangkaian.

» Pin 21 sampai 28
Port 2 yang terdiri atas pin 21 sampai 28 merupakan saluran
masukan/keluaran dua arah. Port ini mengeluarkan 8 bit bagian alamat
tinggi (A8-Al15) selama pengambilan instruksi dari memori program
cksternal dan pengambilan data memori eksternal yang menggunakan
mode pengalamatan 16 bit.

> Pin29
PSEN (Program Store Enable) merupakan sinyal baca untuk
mengaktifkan memori program eksternal.

> Pin 30
ALE/PROG (Address Latch Enable) merupakan pulsa yang berfungsi
untuk menahan alamat rendah (A0-A7) dalam port 0, selama proses
baca/tulis memori eksternal. Frekuensi ALE adalah 1/6 kali rekuensi
osilator, dan digunakan sebagai pewaktu. Pin ini juga berfungsi sebagai
saluran program selama dilakukan pemrograman jika menggunakan

memori program eksternal.
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> Pin3l1
EA/VPP (External Access Enable) untuk mengatur penggunaan memori
program eksternal dan internal. Pin ini harus dihubungkan dengan ground
bila menggunakan memori program eksternal dan dihubungkan dengan
VPP sebesar 12 Volt jika menggunakan memori program eksternal.

> Pin 32 sampai 39
Port 0 yang terdiri atas pin 32 sampai 39 merupakan saluran
masukan/keluaran. Port 0 merupakan saluran alamat rendah (A0-A7) yang
dimultipleks dengan saluran bus data (D0-D7).

> Pin40
Vcc merupakan saluran masukan untuk catu daya positi sebesar 5 Volt DC

dengan toleransi kurang lebih 10 %.

2.1.2. Masukan dan Keluaran

Untuk saluran dan keluaran terdapat 4 buah port yang masing-masing 8
bit. Saluran ini bersifat dua arah (bidirectional) yang berarti dapat difungsikan
sebagai masukan atau keluaran, serta dapat dialamati per bit. Port 3 selain
digunakan sebagai port masukan dan keluaran juga dapat digunakan sebagai
fungsi pengganti sebagaimana yang terdapat dalam tabel 2-1. Sedangkan
AT89S8252 memiliki fitur tambahan yang terdapat pada port 1 seperti pada tabel

2-2.
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Tabel 2.1 Fungsi Pengganti Port 3!/

Port Pin

Alternate Functions

P3.0

RXD (serial input port)

P3.1

TXD (serial output port)

P3.2

INTO {(external interrupt 0)

P3.3

INTT (external interrupt 1)

P3.4

TO (timer 0 external input)

P3.5

T1 {timer 1 external input)

P3.6

WRH (external data memory write strobe)

P3.7

RD (external data memory read strobe)

Tabel 2.2 Fungsi khusus pada port AT8958252!"

Port Pin

Alternate Functions

P1.0

T2 (external count input to Timer/Counter 2),
clock-out

P1.1

T2EX (Timer/Counter 2 capture/freload trigger
and direction control)

P1.4

SS (Slave port select input)

P1.5

MOSI (Master data output, slave data input pin
for SPI channel)

P1.6

MISO (Master data input, slave data output pin
for SPI channel)

P1.7

SCK (Master clock output, slave clock input pin
for SPI channel)

2.1.3. Osilator

Jantung dari AT89S8252 adalah rangkaian yang membangkitkan pulsa

clock yang mesinkronkan semua operasi internal. Mikrokontroler AT89S8252

memiliki osilator internal (on chip oscillator) yang dapat digunakan sebagai

sumber pewaktu (clock) bagi CPU. Untuk menggunakan internal diperlukan
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sebuah kristal atau resonator keramik antara pin XTAL1 dan pin XTAL2 dan

sebuah kapasitor ke ground. Konfigurasinya dapat dilihat pada gambar berikut.

c2
—JI—I— XTAL2
OJ

4]
| | | XTAL1

GND

]

Gambar 2.3 Konfigurasi Osilator Menggunakan Kristal™

Nilai C1 dan C2 adalah 10 pF — 30 pF bila menggunakan kristal, dan
bernilai 10 pF — 40 pF bila menggunakan resonator keramik.
Untuk penggunaan dengan external clock, XTAL?2 harus dibiarkan dalam

kondisi tidak terhubung. Konfigurasinya dapat dilihat pada gambar berikut ini :

NC mo———) XTAL?

EXTERNAL
OSCILLATOR

SIGNAL
= ]

Gambar 2.4

XTAL!

Konfigurasi Osilator Menggunakan External Oscilator Signal'"!
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2.1.4. Reset

Rangkaian power on reset diperlukan untuk mereset mikrokontroler secara
otomatis setiap catu daya on. Gambar 2.5 menunjukkan rangkaian power on reset.
Ketika catu daya diaktifkan, rangkaian reset menahan logika tinggi pin RST

dengan jangka waktu yang ditentukan oleh besarnya pengisian muatan C.

vee
vCC
AT8988252
—1<C
RST
S®
|

Gambar 2.5 Rangkaian Power On Reset''!

2.1.5. Data Memeori (EEPROM) Dan RAM

Berbeda dengan mikrokontroler standard MCS-51, mikrokontroler Atmel
AT89S8252 juga dilengkapi dengan data memori yang berupa EEPROM
(Electrically Erasable Programmable Read Only Memory). EEPROM yang
dimaksud ini besarnya 2 klo byte (2K) dan dipakai untuk penyimpanan data.

EEPROM on-chip ini diakses dengan mengeset bit EEMEN pada register
WMCON pada alamat 96H. Alamat EEPROM ini adalah 000H sampai 7FFH.
Intruksi move digunakan untuk mengakses EEPROM internal ini. Bit EEMWE
pada register WMCON harus diset ke-1 sebelum seberang lokasi pada EEPROM

dapat ditulisi. Program pengguna harus mereset bit EEMWE ke “0’jika proses
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penulisan ke EEPROM tidak diperlukan lagi. Proses penulisan ke EEPROM dapat
dilihat dengan membaca bit RDY/BSY pada SFR WMCON. Jika bit ini berlogika
rendah maka berarti penulisan EEPROM sedang berlangsung, jika bit ini
berlogika tinggi berarti penulisan sudah selesai dan penulisan lain dapat dimulai
lagi.

Sedangkan RAM yang ada pada mikrokontroler AT89S8252 adalah
berkapasitas 256 byte dan kompatibel dengan RAM yang ada pada mikrokontroler

standard MCS-51.

FFH FFH
Upper 128
SFR
80H 80H
lower 128
00H

Gambar 2.6 Memori Data Eksternal’”

Pada lower 128 lokasi memori dibagi menjadi 3 bagian :

1. Register bank 0 -3
Lokasi bank register dimulai dari alamat 00H — 1 H yang terdiri dari 32 byres.
Register bank ini terdiri dari 4 buah register 8 bit yang dapat dipilih melalui

pengaturan program status word register.
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2. Bit Addressing
Terdiri dari 16 bytes yang dimulai dari 20H — 2FH. Masing-masing dari 128
bit lokasi ini dapat dialamati secara langsung yaitu dari 00H sampai 7FH.

3. Scratch Pad Area
Lokasi dari alamat 30H — 7FH atau sebanyak 80 bytes yang dapat digunakan

sebagai alamat bagi RAM.

2.1.6. Special Function Register (SFR)

Special Function Register merupakan register dengan tugas khusus. SFR
pada mikrokontroler AT89S8252 kompatibel dengan mikrokontroler keluarga
MCS-51 dan memiliki alamat 80H - FFH sehingga terdapat 128 lokasi alamat
untuk SFR. Namun demikian pada mikrokontroler ini tidak berarti memiliki SFR

sebanyak 128 buah. Berikut ini adalah gambar letak dari lokasi alamat SFR.

oRaH OFFH
orH | B SFTH
pYm OEFH
OBOH | 450 SE7H
opeH IOFH
CDOH o:.'if&'{m af’t:gso( 9D7TH
o | T2oon [ Tamop RCaP2L RCAPZH T2 ™2 oCRH
OGO cTH
0B | oneaco oBFH
oom | oB7H
oam | o otemo RN 0aFH
2l 0a7H
o | omenon | 3000000 SFH
oK 17" 11’:" " m 97H
con TOON T™OD o TLY o T oFm
oH PO 3P DPoL OPOH oPIL OPIH SPDR POON | oo,
M 006111 woowoe | woweno | moxcoo | ocsmomme | x0o00ox | oxsxomo

Gambar 2.7 AT8958252 SFR Map dan Reset Value!"
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Selain itu mikrokontroler AT89S8252 memiliki tambahan SFR . Hal ini

tak lain adalah karena terdapatnya tambahan fitur pada mikrokontroler ini. SFR
tambahan ini meliputi : T2CON (Timer 2 Register dengan alamat O0C8H),
T2MOD (Timer 2 Mode dengan alamat 0C9H), WMCON (Watcdog and Memory
Control Register dengan alamat 96H), SPCR (SPI Control Register dengan alamat
D5H), SPSR (SPI Status Register dengan alamat AAH), SPDR (SPI Data Register
dengan alamat 86H).
> SFR untuk Timer 2
Mikrokontroler AT89S8252 terdapat tambahan sebuah Timer/Counter
yang diberi nama timer 2 (sehingga AT89S8252 memiliki 3 Timer
/Counter yaitu Timer/Counter 0, Timer/Counter 1, Timer/Counter 2). Pada
Timer/Counter 2 ini dikendalikan oleh Special Function Register yang
bernama T2CON (Timer 2 Control), T2MOD (Timer @ MODE) dan
sepasang register RCAP2H, RCAP2L merupakan register capture/reload
untuk Timer 2 dalam 16 bit capture mode/auto reload mode.
» SFR untuk Watchdog Memori.
Untuk menggunakan Watchdog timer atau memori, maka dapat dilakukan
dengan mengatur SFR yang bernama WMCON dengan alamat 96H.
> SFR pengontrol SPI
Berbeda dengan mikrokontroler MCS-51, AT89S8252 memiliki fasilitas
SPI (Serial Perpheral Interface). Fasilitas ini memungkinkan transfer data
kecepatan tinggi secara sinkron antara mikrokontroler dengan peripheral

atau antar mikrokontroler AT89S8252. Fitur ini meliputi :
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a. Full Duplek, 3 kawat dengan transfer data secara sinkron .
b. Operasi Master atau Slave.
c. Frekuensi maksimum 6 MHz.

d. 4 bit rate terprogram.

2.1.7. Timer dan Counter

Dalam mikrokontroler AT89S8252 terdapat tiga buah pewaktu/pencacah
(timer/counter 16) 16 bit yang dapat diatur melalui perangkat lunak, yaitu
pewaktu / pencacah 0 dan pewaktu / pencacah 1. Timer/counter ini diatur oleh
special function register yaitu Timer/Counter Control (TCON alamat 88H), dan
Timer/Counter Mode Control (TMOD alamat 89H). Selain itu nilai byte bawah
dan byte atas dari Timer/Counter disimpan dalam register TL dan TH.

Jika difungsikan sebagai Timer, maka akan menggunakan system clock
sebagai sumber masukan pulsanya. Jika sebagai Counter (pencacah), maka akan
menggunakan pulsa dari luar (eksternal) sebagai masukan pulsanya. Pada Port 3
terdapat fungsi khusus yaitu TO (masukan luar untuk Timer/Counter 0) dan T1
(masukan luar untuk Timer/Counter 1). Pemilihan mode Timer/Counter dikontrol
oleh register TMOD. Dengan memberikan nilai tertentu pada register TMOD
dapat dipilih mode operasi untuk Timer/Counter 0 dan Timer/Counter 1 seperti

terlihat dalam Tabel 2.3.
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Tabel 2.3 Mode Operasi Timer/Counter 0 dan 1!

Mode Timer/Counter 0 Timer/Counter 1
0 13 bit Timer 13 bit Timer
1 16 bit Timer 16 bit Timer
2 8 bit auto-reload 8 bit auto-reload
3 28 bit timer Tidak bekerja

Pada mikrokontroler AT89S8252 terdapat tambahan Timer 2. Timer yang
lain adalah Timer 0 dan Timer 1. Timer 2 ini merupakan Timer/Counter 16 bit dan
memiliki 3 mode operasi yaitu capture, auto reload (up down counting) dan baud
rate generator. Untuk memilih mode ini dilakukan dengan mengatur bit pada SFR
T2CON (Timer 2 Control Register). Timer 2 ini terdiri dari 2 buah timer 8 bit
register yaitu TH2 dan TL2. pada fungsi Timer, register TL2 dinaikkan
(increment) tiap siklus mesin. Karena siklus mesin terdiri dari 12 periode osilasi,
maka count rate menjadi 1/12 dari frekuensi osilator. Sedangkan pada fungsi
Counter, register dinaikkan berdasarkan tanggapan adanya transisi tinggi ke
rendah pada pena yang bersesuaian (dalam hal ini pin T2 atau P1.0). Tabel berikut

menunjukkan mode operasi yang dapat dijalankan pada timer 2.
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Tabel 2.4 Mode Operasi Timer 2"

RCLK + TCLK | CPRL2 | TR2 | MODE
0 1 16-bit Auto-reload
0 1 1 16-bit Capture
1 X 1 Baud Rate Generator
X X 0 (Off)

RCLK = Receive clock enable. Jika diset menyebabkan serial port menggunakan
pulsa overflow Timer 2 sebagai detak penerimaan pada serial port. Jika
RCLK = 0 Timer 1 yang digunakan.

TCLK = Transmit clok enable. Jika diset menyebabkan serial port menggunakan
pulsa overflow Timer 2 sebagai detak pengiriman. Jika TCLK = 0
pulsa overflow timer 1 yang digunakan.

CP/RL2 = Pemilihan capture/Reload. Jika diset maka proses capture yang terjadi
sedangkan jika bit ini diclear maka proses reload.

TR2 = Bit untuk mengatur start/stop untuk timer 2 jika TR2 = 1 Timer akan

aktif.

2.1.8. Idle Mode
Saat /dle Mode mikrokontroler tidak melakukan apa-apa. Tetapi peralatan
lain yang terhubung tetap aktif. Kondisi ini dapat dihentikan dengan sebuah

interrupt atau dengan me-reset system.
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2.1.9. Sistem Interupt

Mikrokontroler AT89S8252 mempunyai 6 buah sumber interrupt yang
dapat membangkitkan permintaan interrupt, yaitu INTO, INT1, TO, T1, T2 dan
port serial.

Saat terjadinya interupt, mikrokontroler secara otomatis akan menuju ke
sub rutin pada alamat tersebut. Setelah interupt service selesai dikerjakan,
mikrokontroler akan mengerjakan program semula. Dua sumber interrupt external
adalah INTO dan INT1, dimana kedua interupsi eksternal akan aktif atau aktif
transisi tergantung isi dari ITO dan IT1 pada register TCON. Interupsi TO, T1, T2
aktif pada saat timer yang sesuai mengalami roll over, interupsi serial
dibangkitkan dengan melakukan operasi OR pada R1 dan T1. Tiap-tiap sumber
interupsi dapat enable atau disable secara otomatis.

Tingkat prioritas semua sumber interupsi dapat diprogram sendiri-sendiri
dengan set atau clear bit pada SFRS IP (interrupt Priority).

Tabel 2.5 Alamat Sumber Interupsil”’!

(MSBXLSB)
) | Y -T i T T

| EA : — ;ETz%ESiET1§EX1§ETO i EXo |

Enable Bit = 1 enables the interrupt.

Enable Bit = O disables the interrupt.

Symbol Position Function

Disablaes all interrupts. If EA = 0, no inteirupt
EA E.7 is acknowledged. If EA = 1, @ach interrupt

. source is individually enabled or disabled by
setting or clearing its anable bit.

- IE.& Reserved.
ET2 1IE.5 Timer 2 intarrupt enable bit.

ES IE.4 SPI and UART intarrupt enable bit.
ET1 IE.3 Timer 1 intsrrupt enable bit.
EX1 IE.2 Extermal interrupt 1 enable bit.
ETo 1IE.1 Timer O interrupt enable bit.
EXo IE.O External interrupt O enable bit.

Institut TeRnologi Nasional Malang



22

Skripsi

2.2. Mikrokontroller AT89C51

Mikrokontroller AT89C51 adalah mikrokontroller ATMEL kompatibel
penuh dengan mikrokontroller keluarga MCS-51, dengan supply daya rendah,
memiliki performance yang tinggi, dan merupakan mikrokontroller 8 bit yang
dilengkapi 4 Kbyte EPROM ( Enable and programmable read Only Memory) dan
128 Byte RAM internal. Program memori dapat diprogram ulang dalam sistem
atau dengan menggunakan Programmer Nomolately Memory Konvensional.

Dalam sistem mikrokontroller terdapat dua hal yang mendasar, yaitu:
perangkat keras dan perangkat lunak yang keduanya saling terkait dan

mendukung.

2.2.1.Perangkat keras Mikrokontroller AT89C51
Mikrokontroller AT89C51 secara umum memiliki:
e CPU 8bit
o  Memory
e Port /O
o Timer dan Counter
e Sumber Interupt
e Program Serial yang dapat diprogram

e Osilator dan Clock
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Gambar 2.8 Blok diagram Mikrokontroller AT89C51'%

2.2.2. Arsitektur AT89C51

Arsitektur mikrokontroller AT89C51 adalah sebagai berikut :

1. CPU (Central Processing Unir) 8-bit dengan register A (accumulator) dan B

2. 16-Bit Program Counter (PC) dan Data Pointer (DPTR).

3. 8- Bit Program Status Word (PSW).

4. 4-Bit Stack Pointer (SP).

5. 4 Kbyte internal EPROM.

6. 128 byte internal RAM.
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® 4 bank register, masing-masing berisi 8 byte
e 16 byte alamat serbaguna yang dapat diakses sebagai byte atau bit,
tergantung soffware yang digunakan.
o 80 byte general purpose memory data.
7. 32 pin input-output tersusun atas P0-P3, masing-masing 8-bit.
8. 2 buah 16-bit Timer/Counter.
9. 2 buah port serial full duplex
10. Control Register, antara lain : TCON, SCON, PCON, IP, dan IE
11. 5 buah sumber interupsi (2 buah sumber interup eksternal dan 3 buah sumber
internal).
12. Osilator dan Clock Internal.
13. Watch Dog Programmable Timer.

14. ISP Port .

2.2.3. Konfigurasi Pin-pin Mikrokontroller AT89C51
Konfigurasi kaki-kaki Mikrokontroller AT89C51 terdiri dari 40 pena (pin),

seperti pada gambar dibawabh ini :
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Gambar 2.9 Konfigurasi pin-pin AT89C517

Fungsi dari tiap-tiap pena adalah sebagai berikut :

1. VCC, Pin40
Merupakan pin positif sumber tegangan 5 volt DC.

2. GND (ground), Pin 20
Merupakan pin grounding sumber tegangan.

3. Port 0, Pin32-39
Merupakan port input dua arah dan dikonfigurasikan sebagai multipleks dua
bus alamat rendah (A0-A7) dan data selama pengaksesan program memori
dan data internal.
Port 1, Pin1-8
Merupakan port input dua arah dengan pull-up dan juga menerima Low-order
address byte selama memprogram dan verifikasi dari flash.. Pada

mikrokontroller AT89C51 port 1 memikili 3 pin dengan fungsi khusus.
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Tabel 2.6. Fungsi Khusus Port 1"/

Port Pin Alternative Functions
P1.5 MOSI (used for In-system Programming)
P1.6 MOSI (used for In-system Programming)
P1.7 SCK (used for In-Programming)

4. Port2, Pin21-28
Merupakan port I/O dengan internal pull-up. Mengeluarkan address tinggi

selama pengambilan (fetching) program memori external. Selama pengaksesan
ke external data memori, port 2 mengeluarkan isi SFR (Special Function
Register). Menerima address dan beberapa sinyal control selama
pemrograman.

5. Port3,Pini0-17

Merupakan port I/O dengan internal pull-up. Port 3 juga memiliki fungsi

khusus, yaitu:
Tabel 2.7. Fungsi Khusus Port 3/
Port Pin Alternative Funtions
P3.0 RXD (serial input port)
P3.1 TXD (serial output port)
P3.2 INTO0 (external interrupt 0)
P3.3 INT1 (external interrupt I)
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P34 TO (timer 0 external inpur)
P3.5 T1 (timer 1 external input)
P3.6 WR (internal data memory write strobe)
P3.7 RD (external memory read strobe)

6. Reset, Pin9
Perubahan taraf tegangan dari rendah ketinggi akan mereset AT 89C51.

T=R.CLn2

Gambar 2.10 Rangkaian Reset™!
7. ALE/PROG, Pin 30
Pulsa output ALE digunakan untuk proses-proses ‘latching’ byte address
rendah (A0-A7) selama pengaksesan ke external memori. Pin ini juga
digunakan untuk memasukkan pulsa program (prog) selama pemrograman.
8. PSEN, Pin29
Merupakan strobe baca ke program memori ekternal.
9. EA/VPP, Pin31
External Address Enable (EA) digroundkan jika mengakses memori ekternal,

akan dihubungkan ke VCC jika digunakan untuk mengakses memori internal.
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10. X-TALL 1 dan X-TALL 2, Pin 19 dan Pin 18
Kaki ini dihubungkan dengan kristal bila menggunakan osilator internal.
XTALL 1 merupakan input inverting osilator amplifier sedangkan X-TALL 2

merupakan output inverting osilator amplifier.

cz2
_}|_I_ XTAL2
]
C1 I
*r— XTAL1

I GND

Gambar 2.11 Rangkaian Clock’”

2.2.4. Organisasi Memori

Organisasi memori pada mikrokontroller AT89C51 dapat dibagi menjadi
dua bagian besar yaitu memori program dan memori data. Pembagian tersebut
didasarkan atas fungsi dari penyimpangan data maupun program. Memori
program digunakan untuk menyimpan instruksi-instruksi yang akan diajarkan oleh
mikrokontroller, sedangkan memori data digunakan sebagai tempat menyimpan
instruksi-instruksi yang sedang diolah mikrokontroller.

Program mikrokontroller disimpan dalam memori program berupa ROM.
Mikrokontrller AT89C51 dilengkapi dengan ROM internal, sehingga untuk
menyimpan program tidak digunakan ROM ekstrernal yang terpisah dari
mikrokontroller. Agar tidak menggunakan memori program eksternal, EA

(Eksternal Address enable) dihubungkan dengan Vcc.
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Memori program mikrokontroller menggunakan alamat 16 bit mulai
00004-0FFFy , sehingga kapasitas penyimpanan program maksimal adalah
4Kbyte. Sinyal / PSEN (Program Strobe Enable) tidak digunakan jika
menggunakan memori internal.

Selain program mikrokontroller AT 89C51 juga memiliki data internal 128
byte dan mampu mengakses memori data eksternal sebesar 64Kb. Semua memori
data internal dapat dialamati dengan data langsung atau tidak langsung. Ciri dari
pengalamatan langsung adalah operand adalah alamat register yang berisi alamat
data yang akan diolah. Sebagian memori tersebut dapat dialamati dengan memori
satu bit. Untuk membaca data digunakan sinyal / RD sedangkan untuk menulis

data digunakan sinyal / WR.

2.2.5. SFR ( Special Function Register)

Register Fungsi Khusus ( Special Function Register ) terletak pada 128
byte bagian atas memori data internal dan berisi register-register untuk pelayanan
latch port, timer, program status words, control peripheral dan sebagainya.

Alamat register fungsi khusus ditunjukkan pada tabel 2.8 dibawah ini:

Tabel 2.8. Special Function Register’”]

Simbol Nama Register Alamat
ACC Accumulator EOy
B Register B FOy
PSW Program Status Word DOy
Sp Stack Pointer 81u
DPTR Data Pointer 2 Byte
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DPL Bit Rendah 82y
DPH Bit Tinggi 834
PO Port 0 80y
P1 Port 1 90y
P2 Port 2 Aly

Port3 B0y
IP Interupt Priority Control D8y
IE Interupt Enable Control A8y
TMOD Timer/Counter Mode Control 89y
TCON Timer/Counter Control 88y
THO Timer/Counter 0 High byte 8Cy
TLO Timer/Counter 0 Low byte 8Ay
TH1 Timer/Counter 1 High byte 8Dy
TL1 Timer/Counter 1 Low 8By
SCON Serial Control 984
SBUF Serial Data Buffer 99y
PCON Power Control 87u

Beberapa macam register fungsi khusus yang sering digunakan adalah
sebagai berikut :

Accumulator (ACC) merupakan register untuk penambahan dan
pengurangan.  Perintah  mnemonic  untuk mengakses akumulator
disederhanakan sebagai A.

Register B merupakan register khusus yang berfungsi melayani operasi
perkalian dan pembagian.

Register R merupakan delapan set register yang dinamakan RO, R1, R2, R3,
R4, RS, R6 dan R7, fungsi dari register-register ini adalah sebagai register

yang membantu penyimpanan data yang menggunakan banyak operasi.
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Register-register ini yang membantu akumulator dalam melakukan operasi
antara dua operan.

Stack Pointer (SP) merupakan register 8 bit yang dapat diletakkan dialamat
manapun pada RAM internal.

Data Pointer (DPTR) terdiri dari dua register, yaitu register untuk byte tinggi
(Data Pointer High, DPH) dan register untuk byte rendah (Data Pointer Low,
DPL) yang berfungsi untuk mengunci alamat 16 bit. DPTR berfungsi untuk
menunjuk suatu lokasi data, namun pada beberapa perintah DPTR digunakan
untuk mengakses memori eksternal.

PC (Program Counter) merupakan alamat 16 bit yang menginstruksikan
AT89C51 alamat instruksi yang selanjutnya akan dilaksanakan. Saat
inisialisasi AT89C51, PC terisi dengan 00000h dan akan bertambah satu
setiap kali instruksi telah dilaksanakan. Harga PC tidak dapat langsung
dirubah dengan menggunakan perintah MOV PC,2340h, namun dengan
perintah LIMP 2340 yang akan mengisi PC dengan 2340h..

Program Status Word (PSW) berisi bit-bit status yamg berkaitan dengan
kondisi CPU saat itu. PSW terletak pada alamat DOH.

PSW
DOH PSW.7 PSW.6 PSW.5 PSW.4 PSW.3 PSW.2 PSW.l PSW.0

CY|AC|FO|RSI|RSO|OV| - | P

1. CY (Flag Carry)
Flag carry, yang terletak pada alamat D7H, berfungsi sebagai pendeteksi
terjadinya kelebihan pada operasi penjumlahan, atau terjadinya

peminjaman (borrow) pada operasi pengurangan. Misalnya, jika data pada
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akumulator adalah FFH dan dijumlahkan dengan bilangan satu atau lebih,
maka akan terjadi kelebihan sehingga akan membuat carry menjadi ser.
Demikian juga apabila data pada akumulator adalah 00H dan dikurangkan
dengan bilangan satu atau lebih, akan terjadi peminjaman sehingga
membuat carry juga menjadi set.

2. AC (Flag Auxiliary Carry)
Flag auxiliary carry akan selalu dalam kondisi sef apabila pada saat proses
penjumlahan terjadi carry dari bit ketiga hingga bit keempat.

3. Flag0
Flag 0 dapat digunakan untuk tujuan umum tergantung pada kebutuhan
pemakai.

4. RS (Register Select)
Bit Pemilih Bank Register (Register Bank Select Bits) RSO dan RS1
digunakan untuk menentukan lokasi dari bank register (R0-R7) pada
memori. RSO dan RS1 selalu bernilai 0 setiap kali sistem di reset sehingga
lokasi dari register RO hingga R7 akan berada pada alamat 00H hingga
07H.

5. OV (Flag Overflow)
Flag overflow akan berada pada kondisi set jika pada operasi aritmatik
menghasilkan bilangan yang lebih besar daripada 128 atau lebih kecil dari
-128.

6. P (bit paritas)
Bit paritas akan berada pada kondisi set jika jumlah bit 1 dalam

akumulator adalah ganjil dan akan berada pada kondisi clear jika jumlah
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bit 1 dalam akumulator adalah genap. Misalnya, data yang tersimpan pada
akumulator adalah 10101110b atau AEH maka parity bit akan berada pada
kondisi set. Data AEH mempunyai lima bit yang berkondisi 1 atau dapat
disebut mempunyai bit 1 dalam jumlah yang ganjil.

e Port 0 sampai Port 3 merupakan register yang berfungsi untuk membaca dan
mengeluarkan data pada port 0,1,2 dan 3. Masing-masing register ini dapat
dialamati per byte maupun per bit.

o Control Register terdiri dari register yang mempunyai fungsi kontrol. Untuk
mengontrol sistem interupsi, terdapat dua register khusus yaitu register IP
(Interupt Priority) dan register IE ( Interupt Enable). Untuk mengontrol
timer/counter terdapat dua register khusus yaitu register TCON  (Timewr
Counter Control) serta port serial menggunakan register SCON (Serial Port

Control).

2.3  ISD (Information Storage Device ) 2500

Peralatan penyimpanan informasi suara, ISD seri 2500 mempunyai
kualitas bagus, dengan durasi penyimpanan dari 60 sampai 120 detik. Peralatan
CMOS yang ada didalamnya adalah chip oscilator, mocrophone preamplifier,
automatic gain control, antilisiang filter, smouthing filter, speaker amplifier. Pada
pengembangannya, ISD 2500 adalah kompatibel dengan mikrokontroler,
mengijinkan penyimpanan dan pengalamatan yang komplek. Perekaman disimpan

dalam suatu chip yang tidak mudah berubah dalam cell memori.
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Sinyal suara dan audio disimpan secara langsung ke memori pada tempat
naturalnya dengan kualitas suara yang bagus. Untuk karakteristiknya adalah
sebagai berikut:

» Chip tunggal yang mudah digunakan untuk merekam atau memainkan
suara.

> Suara yang direproduksi menpunyai kualitas yang bagus dan alami.

> Bisa dioperasikan secara manual dengan swifch atau dengan
mircokontroler.

» Memiliki durasi penyinpanan dari 60,75,90,120 detik.

» Arus pada saat standby = 1 pA.

> Tidak perlu power untuk tetap menyimpan data dalam IC, sehingga tidak
perlu baterai cadangan.

» Data dapat tahan hingga 100 tahun.

> 100.000 kali rekam.

» Power supply +5 Volt.

Tabel 2.9 Seri ISD 25007/

PartNumber |  Duration | ([nputSample | Typlcal Filter Pass

SRR (Seconds) . | Rate(kHz) |  Band*(kHz)
1SD2560 60 80 34
1SD2575 75 6.4 2.7
1SD2580 a0 53 23
1SD25120 120 40 17
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Dengan melihat tabel diatas, maka dapat diketahui bahwa IC penyimpan
suara ISD seri 2500 ini adalah merupakan jenis EEPROM ( Electrically Erasable
Programable ROM ). EEPROM adalah jenis ROM yang dapat diprogram, dihapus
dan diprogram ulang secara elektrik. IC ISD 2500 ini dapat melakukan perekaman
suara atau pesan dengan jangka waktu durasi maksimum 120 detik. dengan

sample rate 4.0 Khz. Dimana untuk cell penyimpanan ini terbagi dalam alamat

yaitu dari 00H sampai 257H.
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Gambar 2.12 Diagram Blok ISD 25007/
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Gambar 2.13 Susunan Kaki ISD 25001
Keterangan pin ISD 2500 :

1. Power Down Input (PD)
Apabila suara tidak di rekam atau diputar ulang PD dapat diaktifkan
supaya ISD 2500 mendapat konsumsi daya yang rendah. Jika EOM rendah
selama terjadi kondisi overflow, PD harus berlogika ‘1’ untuk mereset
address supaya kembali ke awal perekaman / playback.

2. Chip Enable Input (CE)
Untuk mengakses ISD 2500 maka pin CE harus berlogika ‘0’. Apabila pin
CE berlogika ‘1’ maka ISD tidak dapat diakses dan auxiliry input

terhubung langsung ke amplifier speker.
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3. Playback Input (P/R)
Pada mode rekam pin P/R harus berlogika ‘0’ dan pada mode playback
maka pin P/R harus berlogika ‘1°.

4. End of Message Output (EOM)
Penandaan ini secara otomatis disisipkan pada akhir penyimpanan pesan.
EOM output akan rendah selama periode Teom pada akhir pesan telah
melampaui 120 detik (device full).

5. Address Mode Input (A0-A9)
Address mode Input menyediakan dua fungsi yaitu sebagai address pesan
(A6 atau A7 rendah) dan sebagai operasional mode (A6-A7 tinggi).
Message address dapat mengalamati maksimum 160 segment. Setiap
segment mempunyai durasi 0,125 detik. Arah pembacaan dan perekaman
dimulai dari awal setting address (A0-A9).

6. Overflow Output (OVF)
Pin ini akan Low apabila batas akhir memori terlewati.

7. Microphone Output (Mic)
Input microphone akan mentransfer sinyal yang akan masuk ke amplifier
yang berada di dalam IC rangkaian 4AGC mengontrol penguatan antara -15
sampai 24 dB. Microphone eksternal harus dihubungkan dengan
kondensator kopling ke pin ini. Nilai kapasitor kopling bersama dengan
impendasi internal (normal 10 KQ) akan menentukan frekuensi cut-off

rendah dari filter internal.
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8. Microphone Reference Input (Mic Ref)
Microphone Reference input merupakan inverting input yang berhubungan
dengan amplifier.

9. Automatic Gain Control (AGC)
AGC menyesuaikan penguatan dari pre-amplifier sesuai dengan input
microphone.

10. Analog Input (ANA IN)
Analog input akan mentransfer sinyal ke chip untuk perekaman. Jika
digunakan microphone maka ANA OUT harus dihubungkan ke pin ANA
IN melalui kondensator kopling. Nilai kapasitor ini dengan impendasi
input ANA IN (normal 3 KQ) akan menentukan frekuensi cut-off filter.

11. Analog Output (ANA OUT)
Pin ini merupakan output dari pre-amplifier yang akan digunakan oleh
pemakai.

12. Auxiliary Input (AUX IN)
Auxiliary Input dimultipleks melewati output amplifier dan dikeluarkan ke
speker jika CE dalam keadaan high. P/R high dan playback tidak aktif.

13. Address input (A0-A9)
Digunakan mengalamati segment-segment pada chip. Dengan demikian
kita dapat menentukan alamat untuk tiap-tiap pesan.

14. Voltage Input (Vcca Veep)
Merupakan kaki untuk memasukkan tegangan +5 Volt pada IC.

15. Ground Input (Vssa Vssp)

Input untuk kaki ground pada IC.
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23.1 Cara perekaman / pengisian suara

Langkah langkah yang dilakukan untuk memulai perekaman yang
mengeset alamat / durasi waktu yang dibutuhkan untuk perekaman. Pada saat
memulai perekaman sinyal P/R LOW maka dengan demikian secara otomatis pin
ANA — IN bekerja. Pada saat inilah dimasukan suara yang akan direkam melalui
microphone. Jika ruang sudah terisi penuh maka sinyal P/D harus dikembalikan
keposisi HIGH. Tanda ahkir dari pesan ( end — off — message merker ) akan
otomatis terekam sesudah itu. Tanda ini' berguna untuk memutuskan playback
secara otomatis bila rekaman sudah habis. ISD 2500 akan langsung ke stanby bila

P/D dalam keadaan high.

2.4 Display Seven Segmen

Penampil-penampil biner dari sandi BCD menjadi bilangan desimal selain
dalam tabung angka (nixe tube) yang sudah berbentuk angka —angka desimal dari
0 sampai 9 dapat di tampilkan dengan mengatur penyelaan dari 7 ruas tersebut.
Perlu di ketahui bahwa LED (light emmiting diode) adalah suatu diode yang
bersifat menyala bila mendapat suatu arus maju (forward bias).

Dengan sifatnya yang demikian, led banyak di pakai pada lampu-lampu
penunjuk kecil yang serba guna. Misalnya untuk menunjuk keadaan ON dari suatu
peratan atau lampu-lampu tes, penggunaannya sebagai seven segmen display

adalah susunanya sesuai gambar:
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Gambar 2.14 Display seven segmen'”!
pada gambar diatas segmennya adalah ab,c,d,ef,g (tujuh buah). Bila
semua segmen menyala, maka dapat di baca sebagai angka desimal.
Tabel 2.10

Tabel kebenaran BCD to seven segmen

Desimal BCD Seven segmen

8421 A bcdefg
0 0000 1111110
1 0001 01100 00
2 0010 11011 01
3 0011 1 1110 01
4 0100 0110011
5 0101 1 01 10 11
6 0110 1 01 1111
7 0111 1 110 0 00
8 1000 1 1111 11
9 1001 1 1110 11
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"Ada 2 jenis Seven Segmen:

1. Seven segmen common cathode:

a b c d e f g dp
COMMON
CATHODE

Gambar 2.15 Common Cathoda'

2. Seven Segmen Common Anode

COMMON
ANODE

FERRRRRE

Gambar 2.16 Common Anode!”

25 Transistor

Transistor adalah suatu komponen aktif yang dibuat dari bahan
semikonduktor. Apabila kita mendoping semikonduktor untuk mendapatkan

kristal NPN atau PNP, maka kristal seperti ini disebut Transistor Junction. Daerah
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tipe N mempunyai banyak sekali elektron pita konduksi dan daerah tipe P
mempunyai banyak hole. Jadi transistor junction mempunyai dua macam
pembawa muatan yaitu elektron bebas pada daerah N dan hole pada daerah P.
Oleh karena itu transistor junction disebut juga transistor dua kutub (bipolar).
Transistor bipolar ada dua macam yaitu transistor jenis NPN dan PNP. Adapun

simbol dari kedua transistor seperti pada gambar 2.13 berikut ini :

C C
B‘g’ B(i)
E E

Transistor PNP Transistor NPN
Gambar 2.17 Simbol Transistor Bipolar '?

Daerah kerja dari transistor terbagi menjadi tiga yaitu : daerah kerja cut
off, daerah kerja saturasi dan daerah kerja aktif.
Untuk lebih jelasnya mengenai daerah kerja Transistor dapat dilihat pada gambar

2.18 dibawah ini :

A
saturasi
T Ib > Ib e
A Ib=1Ib (s2t)
N\ B Ib
/ N
/ . C
l[ N ( Ib =0 (Cut Off)

” Vee

Gambar 2.18 Garis Beban Transistor ['¥
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A = Penjenuhan (saturasi)
B = Titik Kerja
C = Titik Sumbat (Cut Off)

Untuk garis beban diperoleh dengan persamaan :
Vec=Ic.Rc+ Vg

Saat cut off Is = 0, sehingga :

Ic =B . In
Vee —Vbe
[g= ————
Rb

VCE (cutofry= Ve (pada titik A)

Saat saturasi, maka Ig = Ip (sa), Sehingga :
Vee | ..
Rc

Jika arus basis lebih besar atau sama dengan Ig saturasi, titik kerja Q
berada dalam ujung atas dari garis beban, maka transistor seperti sebuah saklar
tertutup. Sebaliknya, jika arus basis nol, transistor bekerja dalam ujung bawah dari

garis beban, dan transistor seperti sebagai saklar terbuka .

2.5.1. Daerah Kerja Transistor

Berdasarkan pada teori di atas maka dapat dilihat bahwa transistor
mempunyai 3 daerah yaitu : Basis, Kolektor dan Emitor. Pada transistor NPN
mempunyai dua junction , yaitu junction antara Emitor dan Basis serta junction

antara Basis dan Kolektor. Oleh karena itu, transistor bersifat seperti dua buah
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dioda. Sedangkan pada transistor PNP adalah kebalikan dari transistor NPN

khususnya untuk karakteristik arus dan tegangannya.

2.6 LM 386 (Low Voltage Audio Power Amplifier)

LM 386 pada dasarnya adalah sebuah penguat operasional yang di

khususkan penggunaanya untuk arus yang lemah ( low voltage audio amplifier),

dengan karakteristik khusus diantaranya:

>

>

Interval gain di tetapkan atau di set pada 20.

Dapat di tingkatkan gainnya sampai 200 dengan menambah
tahanan antara pinl dan pin8.

Sangat cocok di pakai untuk catu daya bateray karena konsomsi
energi yang sangat rendah (  sekitar 24 miliwatt ketika di
noperasikan dengan catu daya sebear 6V)

Dapat di pakai dengan range voltase yang lebar ( antara 4V-12V
atau 5V-18V).

Rendah distorsi (Low Distorsi) : 0,2% (AV=20, VS=6V, RL=8W,

PO=125 mW, f=1Khz).
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Sto 12VOC

LM386 AMPLIFIER

Gambar 2.19 Rangkaiaan IC LM 386"

2.7  Push Button

Push Button merupakan sebuah saklar yang bekerja karena ada suatu
sentuhan atau gesekan. Push Button ini di tempatkan sesuai kebutuhan dan
keadaan agar dapat menyentuh suatu benda pada tangkai Push Button tersebut.

Push Button mempunyai beberapa bagian antara pengungkit dan roda
penjulang yang merupakan bagian mekanik yang jika tersentuh oleh suatu benda
atau mekanisasi lain, maka Push Button akan ON dan lalu menggerakkan lengan
pengungkit dalam suatu kontak.

Ada beberapa tipe Push Button yaitu Push Button yang merupakan kontak

NC (Normally Closed) dan NO (Normally Open). Push Button yang merupakan
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kontak NO berfungsi sebagai penghubung sedangkan yang kontak NC berfungsi
sebagai pemutus.
Adapun simbol dari push botton dari yang kontak NC dan kontak NO

adalah sbb:

) (Vo— = )
Push button make NO Push button break NC
(Normally Open) (Normally Closed)

Gambar 2.20 Simbol Push Button

2.8 ICSN75176

IC SN75176 adalah sebuah IC yang dikeluarkan oleh Texas Instruments
yang berfungsi sebagai rangkaian penguat dan biasa digunakan untuk
menyediakan signal serial yang kuat sehingga sanggup untuk mengirimkan sinyal
walaupun dengan jarak kabel yang panjang (sampai dengan 1,2 km). Mampu
melalui kabel yang panjang (1,2 km) pada baudrate yang tinggi dalam lingkungan
listrik yang berpotensi menimbulkan noise atau interferensi elektromagnetik yang

tinggi.

Institut Teknologi Nasional Malang



47

Skripsi

SN75176 adalah IC monolitik yang di desain untuk data komonikasi 2

arah pada jalur transmisi multipoin bus. SN75176 mengkombinasikan 3 driver
deferensial dan jalur penerima input berbeda, yang keduanya beroperasi dari
penyedia energi tunggal 5V. Driver dan penerima memiliki enable yang tinggi
aktif dan rendah aktif, berturut-turut yang dapat di hubungkan bersama-sama ke
dalam fungsi sebagai pengontrol arah.

Driver didesain untuk mengatasi muatan sampai 60mA penampang atau
sumber aliran. Driver aliran positif dan negatif membatasi dan menurunkan
temperatur untuk perlindungan dari kondisi jalur yang salah. Penurunan
temperatur di desain untuk persimpangan suhu sekitar 150°C. Fitur penerima

input minimum dengan hambatan 12Q, kepekaan input 200mV.

Gambar 2.21 IC SN 75176
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Tabel 2.11

Tabel fungsi logika IC SN 75176/

DS75176B Transmitting
Inputs Line Outputs
RE DE DI Condition DO DO
X 1 1 No Fault 0 1
X 1 0 No Fault 1 0
X 0 X X z z
X 1 X Fault y4 Z
DS75176B Receiving
Inputs Cutputs
RE DE RI-RI RO
0 0 = 0.2V 1
0 0 = —-02v 0
0 0 Inputs Open** 1
1 0 X p4

IC sebagai transmisi:

RE diabaikan, DE sebagai kontrol untuk pengaktifan transmisi. Bila DE berlogika
LLRE berlogika 1 maka output DO berlogika 1.

IC sebagai penerima:

RE berlogika 0, DE juga berlogika 0,sedang RI > +0,2V maka RO berlogika 1,
untuk RE berlogika 0, DE juga berlogika 0, sedang RI < -0,2V maka RO

berlogika 0.
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29 ICCD4094BC

CD4094BC terdari atas 8 bit shif register dan 3 state 8-bit latch. Data
dibagi secara serial melalui shift register pada transmisi positif dari sebuah Clock.
Output pada tahap akhir ( Qs) dapat digunakan untuk mengalirkan beberapa data.
Data pada output Qs disalurkan untuk output kedua, Q’s. Pada ujung negatif clock
berikutnya.

Output pada setiap tahap shift register, yaitu data latch negatif pada strobe
input. Ketika strobe tinggi, data memperbanyak melalui latch ke 3-state. Keadaan

enable ketika output enable tetap pada posisi high.

STROBE = 1 16 ~Vpp
DATA =] 2 15 -gﬂgﬂ
cLOCK—{ 3 14}-05
Q1—{4 13}-Q6
25 12}—q7
Q36 11}=08
Q-7 10f—0's
Vss—18 ] SV

Gambar 2.22 IC CD4094BC""

Tabel 2.12
Tabel fungsi logika IC CD4094BC!"!
Clock Output Strobe Data Parallel Outputs Serial Outputs
Qi Qy Qg Qy
Enable (Note 1)

- 1] X X Hi-Z Hi-Z Q7 No Change

-~ 0 X X Hi-Z Hi-Z No Change Q7
- 1 0 X No Change| No Change Q7 No Change
- 1 1 0 [3} Qy-1 Q7 No Change
e 1 1 1 1 Q-1 Q7 No Change

-~ 1 1 1 No Change | No Change | No Change Q7

X = Don't Care
== = HIGH-10-LOW
~ = LOW-10-HIGH
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BAB III

PERENCANAAN SISTEM

3.1 Pendahuluan

Dalam bab ini akan dijelaskan tentang perencanaan dan pembuatan papan
skor pada panahan. Alat ini akan menampilkan skor pada seven segmen dan
output suara melalui ISD apabila anak panah yang di tembakkan menyentuh push
button dan bernilai sama dengan nol apabila tidak menyentuh push button.

7- SEGMENT

PEDAL DIINJAK
PEMAIN

MC AT89C51

Gambar 3.1 Bentuk Fisik Perencanaan Alat

Pada gambar kanan atas dapat dilihat bahwa apabila pemanah
menembakkan anak panah secara tepat pada sasaran maka papan skor atau display
seven segmen akan menampilkan hasil penilaian sesuai dengan tembakan yang di
peroleh pemanah tersebut. Sedangkan gambar kiri atas (papan skor) menjelaskan

tentang penilaiannya.
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Perencanaan dan Pembuatan alat ini, tahapan- tahapan yang di lakukan
adalah sebagai berikut :
e Perencanaan dan pembuatan alat
e Perencanaan rangkaian kontrol dalam blok diagram sistem secara garis besar.
¢ Perencanaan perangkat keras (hard-ware) yang berupa rangkaian elektronik.
e Perencanaan perangkat lunak (soft-were) yang meliputi pembuatan flowchar

dan pemrograman.

Gambaran secara singkat mengenai alat yang dibuat adalah :

Sensor
Tekananl
Sensor 3 S
Tekanan? even c?gment
MCU Penampil Skor
Sensor AT89S
Tekanan3 8252
Sensor
Tekanan4 > ISD Rangkaian
Penguat
Sensor
Tekanan5
Y
Loud Speaker
MCU
ATS89
Tombol _ 51 ¢
Mulai "

Gambar 3.2 Diagram Blok Perencanaan Alat

Institut Teknologi Nasional Malang



52

Skripsi

Fungsi dari masing — masing blok adalah :

1 Sensor tekanan
Digunakan sebagai inputan data dari papan skor ke mikrokontroler .

2 Mikrokontroler AT89S8252
Digunakan untuk mengolah data yang diterima dari input, mengontrol
dan mengendalikan rangkaian-rangkaian yang dihubungkan dengan
mikrokontroler tersebut.

3 Tombol mulai
Digunakan untuk memulai bahwa mikro siap menerima data.

4 Mikrokontroler AT89CS51
Digunakan untuk mengolah data serial yang akan di tranfer ke
mikrokontroler AT 89S8252.

5 Seven Segment Penampil Skor
Untuk menampilkan data yang diterima sebagai skor yang di peroleh dari
pemanah.

6 ISD ( Information Storage Device)
Digunakan untuk merekam suara dan menampilkan ulang suara tersebut
melalui speaker.

7 Rangkaian penguat
Sebagai penguat dari ISD yang akan mengeluarkan suara melalui loud
speker.

8 Speaker

Digunakan untuk menampilkan suara yang telah direkam pada ISD.
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3.1.1 Prinsip Kerja Sistem :

Pertama-tama pemanah sebelum melakukan tembakan, di haruskan
menginjak pedal (mulai) push button sebagai tanda sudah siapnya alat bekerja.
Anak panah menancap di papan panah yang terdiri dari nilai-nilai yang telah
ditentukan, kemudian papan yang sudah di lengkapi dengan push button,
menyentuh sensor tekan Push button dan mengeluarkan data input ke
mikrokontroler. Kemudian mikrokontroler akan mendeteksi dan mengolah data
dari sensor tekan kemudian akan menampilkannya ke seven segmen penampil
skor ,bersamaan dengan seven segmen, ISD yang telah merekam nilai-nilai yang
telah ditentukan akan mengeluarkan suara berapa skor yang di peroleh oleh

pemanah. Sehingga pemanah dapat mengetahui berapa nilai yang di perolehnya.

3.2  Mikrokontroller AT89S8252
Mikrokontroller AT89S8252 adalah sebuah chip IC yang terdiri dari 40
pin. Dalam perencanaan sistem ini pin — pin yang digunakan adalah sebagai
berikut:
Adapun fungsi dari masing — masing pin tersebut adalah:
1 Pin 1 ( P1.0 ) merupakan port output mikro yang digunakan sebagai
address mode input A0 yang berasal dari ISD.
2 Pin 2 (P1.1 ) merupakan port 1 dari mikrokontroller untuk output ke ISD,
digunakan sebagai mode rekam pin P/R harus berlogika ‘0’ dan pada mode
playback maka pin P/R harus berlogika ‘1°.

3 Pin 3 (P1.2) merupakan output mikro untuk mengaktifkan PD pada ISD.
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4 Pin 4 (P1.3) merupakan port output mikro ke ISD yang digunakan sebagai
penandaan pada akhir penyimpanan pesan (EOM).
5 Pin 5 (P1.4) merupakan port output mikro ke ISD yang di gunakan Untuk
mengakses ISD 2500 maka pin CE harus berlogika “0°.
6 Pin 6 (P1.5) merupakan port output mikro ke ISD yang di gunakan sebagai
Overflow Output.
7 Pin 7 (P1.6) merupakan port yang digunakan sebagai port keluaran dari
mikrokontroler ke data serial.
8 Pin 8 (P1.7) merupakan port yang digunakan sebagai port pengirim data ke
serial.
9 Pin 10 ( P3.0 ) merupakan input mikro dari data serial.
10  Pin 11 ( P3.1 ) merupakan output mikro untuk pengiriman data ke serial.
11 Pin 15 ( P3.5 ) merupakan output mikro untuk pengiriman data ke display
yaitu di pin STB.
12 Pin 16 (P3.6) merupakan outputan dari mikro untuk mengirim data ke
display Data.
13 Pin 17 (P3. 7 ) merupakan data yang akan dikirim ke display CLK.
14 Pin 21-25 ( P2.0-P2.4) sebagai inputan sakalar push_button
15 Pin 18 ( XTAL 2 ) sebagai pembangkit ossilator (clock) XTAL 2
16 Pin19 (XTAL 1) sebagai Pembangkit Ossilator (clock) XTAL 1
17  Pin 9 berfungsi sebagai Reset.

18 Pin 31 ( EA/VPP) berfungsi sebagai VCC + 5 Volt
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Mikrokontroller pada alat ini tidak dapat bekerja sendiri sehingga masih

membutuhkan komponen — komponen pendukung lain, komponen — komponen
tersebut saling berhubungan secara hardware dan juga sofware. Rangkaian

mikrokontroller dapat dilihat pada gambar dibawah ini:

ATE958252 vee
] 1 40 ]
sd 40 > P10 vec =
L EAPR Pl1 PO.O
il 3 3
<A PD P12 PO.1
pon g 37
<7 A EOM P13 P02
oot 3 38
< Sd CE = Pl4 P03 =
7 A0V 2 P15 P04 =
2SNDE P& PO.5
L SNEE I PIE —o
7 RESET P0.7 3
| P3.ORXD EA/VPP 5
P3.1/TED ALEPROG =
—< o P32ANTO PSEN f0——
P3.3/NT1 P27 -
P3.4/T0 P26 =
P3.5/T1 P2.5 =
P3.E/WR P24 = S5
P3.7/RD P23 75w
3 e
ZTAL2 P22 SW3
2 P
XTALL P21 = W2
GND P20 > SWI
+5
v =
1 ““““ 10y
\ T

Gambar 3.3 Rangkaian Mikrokontroller AT8958252
3.2.1. Minimum Sistem AT89S8252
Mikrokontroller AT89S8252 dirancang untuk dapat berdiri sendiri. karena
sudah terdapat 2 Kbytes EEPROM, 256 bit RAM internal, 32 Programmable
I/Ollines, dan terdapat dua 16 bit timer/counters. Dari fasilitas-fasilitas tersebut
dapat memfungsikan mikrokontroller AT89S8252 untuk bekerja dalam single

chip, maksudnya dengan sebuah mikrokontroller saja sudah dapat mengontrol
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kerja dari keseluruhan sistem. Dalam perancangan ini digunakan 1 buah
mikrokontroller AT89S8252.

e ALE/PROG
Pulsa ALE ( Address Latch Enable ) hanya digunakan untuk akses ke
eksternal memori. Sedangkan PROG digunakan untuk input program
selama program Flash memori. Karena dalam perancanagn ini
menggunakan single chip maka untuk pin ALE/PROG tidak digunakan.

e PSEN
Program Strobe Enable berfungsi membaca strobe ke program memori
eksternal. Untuk itu PSEN tidak digunakan.

* EA/Vpp
Logika yang diberikan pada pin ini menunjukkan kerja dari
mikrokontroller AT89S51. Pin ini dihubungkan ke Vcc karena pada
perancangan ini tidak memanfaatkan memori eksternal.

e XTALI1 dan XTAL2
Kecepatan proses yang dilakukan oleh mikrokontroller ditentukan oleh
sumber clock (pewaktu) yang dikendalikan oleh mikrokontroller tersebut.
Untuk mendapatkan clock pada mikrokontroller, maka digunakan pin
XTAL1 dan XTAL2 yang dihubungkan dengan sebuah kristal yang sudah
terancang dan tersedia di dalam chip AT89S8252. Besar XTAL yang
digunakan adalah 11,059 MHz dan kapasitansinya sebesar 33 pf yang
sesuai dengan spesifikasi pada data sheet AT89S8252 dengan frekuensi

pewaktu berdasarkan kebutuhan dan kecepatan waktu pelaksaan intruksi.
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Untuk menjaga kestabilan clock, maka ditambah 2 buah kapasitor seperti
pada gambar dibawah ini:

c2

F———r‘ XTAL2

-

c1 I
XTAL1

GND

Gambar 3.4 Rangkaian Clock
® Reset

Untuk melakukan reset sistem pada mikrokontroller yaitu untuk
mengawali eksekusi program pada alamat paling rendah yang dapat
dimanfaatkan pin reset yang ada pada mikrokontroller. Pin 9 dihubungkan
dengan rangkaian reset rangkaian ini diharapkan agar dapat mempunyai
kemampuan power ON Reset, yaitu Reset terjadi saat power diaktifkan.

Dibawah ini adalah adalah rangkaian reset :

I
g
E!
3

Gambar 3.5. Rangkaian Reset
Sehingga dengan komponen resistor dengan nilai 10 K serta kapasitor
dengan nilai 47uF akan dihasilkan :
T=R.C Ln2

=3,2us
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33

Mikrokontroller AT89C51

Mikrokontroller AT89CS51 adalah sebuah chip IC yang terdiri dari 40 pin.

Dalam perencanaan sistem ini pin — pin yang digunakan adalah sebagai berikut:

Adapun fungsi dari masing — masing pin tersebut adalah:

1.

2.

Pin 1 ( P1.0 ) merupakan port input mikrokontroler dari sensor tekan.
Pin 7 ( P1.6 ) merupakan port output dari mikrokontroller ke serial.
Pin 8 ( P1.7 ) merupakan port output dari mikrokontroller ke serial.
Pin 10 ( P3.0 ) merupakan port input mikrokontroller dari serial.

Pin 11 ( P3.1 ) merupakan port output dari mikrokontroller ke serial.
Pin 9 berfungsi sebagai Reset.

Pin 31 dan 40 berfungsi sebagai VCC.

Mikrokontroller pada alat ini tidak dapat bekerja sendiri sehingga masih

membutuhkan komponen — komponen pendukung lain, komponen — komponen

tersebut saling berhubungan secara hardware dan juga sofware. Rangkaian

mikrokontroller dapat dilihat pada gambar dibawah ini:
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ATSICSL wvee

[mwi—— = wee —i
— m1 Py 32
- mz F1 3%
— m3 w2 37
> P14 m3 <
— B3 L ——

| 7 Poj
S | n3 Pos 2
0 e ReTS—T
[IED > —| PBAsD EAAPE 2
2 m1nm ALEFROG [

| P20 PSEN fo—12—

< B3mn my 2
T B4 P2 2
—{ mam P o
17| BAwE P24
——o| BI8D P23 2
R m2 2
- HTALL P21 —2

110532 Hm GHD F20

¥ +
"m0 | 2 | 7_!;
] — I0u

Gambar 3.6 Rangkaian Mikrokontroller AT89CS51

3.3.1 Minimum Sistem AT89C51

1. ALE/PROG
Pulsa output ALE digunakan untuk proses-proses ‘latching’ byte address
rendah (A0-A7) selama pengaksesan ke external memori. Pin ini juga
digunakan untuk memasukkan pulsa program (prog) selama pemrograman.

2. PSEN
Merupakan strobe baca ke program memori ekternal.

3. EA/VPP
External Address Enable (EA) digroundkan jika mengakses memori ekternal,

akan dihubungkan ke VCC jika digunakan untuk mengakses memori internal.
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4. X-TALL 1 dan X-TALL 2
Kaki ini dihubungkan dengan kristal bila menggunakan osilator internal.
XTALL 1 merupakan input inverting osilator amplifier sedangkan X-TALL 2

merupakan output inverting osilator amplifier.

c2
—-}I——I—— XTAL2
]
c1
Hl——I— XTAL1

i GND

Gambar 3.7 Rangkaian Clock

5. Reset
Perubahan taraf tegangan dari rendah ketinggi akan mereset AT 89C51.

T=R.CLn2

)

+])

St
4IufF F Ve

o
-

Gambar 3.8 Rangkaian Reset
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3.4  Perencanaan ISD 2560

Pada perencanaan dan pembuatan alat ini, suara yang direkam
menggunakan voice processor ISD 2560. berdasarkan data sheet ISD 2560
mampu merckam suara dengan lama perekaman 60 detik. Demikian pula untuk
waktu putar ulangnya juga selama 60 detik.

ISD dengan tipe 2560 ini mempunyai 256k cell penyimpanan yang
didesain untuk menyimpan suara dengan lama 60 detik dengan sample rate 8.0
KHz. ISD 2560 ini melakukan penyimpanan dan pemutar ulang dari perekaman
suaranya dapat diatur sedemikian rupa sesuai kehendak dari pemakai dengan
melakukan pengendalian atau pengontrolan pada pin-pin alamatnya.

Rangkaian ISD 2560 dengan Mikrokontroller AT89S8252 untuk memutar

suara ditunjukkan pada gambar berikut:

+5 1k
For 10 -—é— M0 VOCD —?
3 AlMI1 P 5 Port 1.1 J—‘
ADM2  XCIK
2 LB T ¥ EOM p——Tor13 :
3 M
S A4 D Pori 12
g Sk 10k
T ASMS CE ——{ Pori 14 _ .
= AGM OVF 0T>‘P'u'n_1.s"“ T1 =
T A7 ANAODT — _J
A8 ANAIN gL
0|, e s
11 18 10n | 100m -
| ARIN  MICREF —
T VD MIC o MICROPHONE2
— o L I
L 306 5P+ P 3% ) ==
ISD2560
— 1+ |
= =i
——4u7 | W70}
|

Gambar 3.9 Rangkaian ISD 2560
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Dalam aplikasinya dengan memberikan input P/R low dan CE low, berarti
IC ini berfungsi dalam operasi begin rekam (record) dan siap untuk merekam
semua sinyal analog yang masuk melalui mikrofon. Dan dengan memberikan
input P/R high, CE pulsed low maka IC ini berfungsi pada operasi begin playback
dan PD atau CE high maka IC ini akan end record, sedang untuk end playback
adalah otomatis. IC ini akan membaca kembali pesan yang telah tersimpan
sebelumnya dan dikeluarkan melalui speaker. Adapun cara kerja dari rangkaian
ini adalah:
1. Untuk menyimpan atau merekam suara:
» Kondisi pin P/R = low (logika “0”’)
» Kondisi pin CE = low
»  Kondisi pin PD = high
2. Untuk pemutaran suara:
» Kondisi pin P/R = high (logika”1”)
> Kondisi pin CE = pulsed low
Pemutaran ulang dalam perancangan ISD ini, menggunakan mode
operasional yaitu MO (Message Cueing) yang akan memungkinkan untuk
melewati pesan, tanpa mengetahui alamat pasti pesan tersebut. Setiap CE Low
menyebabkan pointer untuk melewati pesan selanjutnya. Ketika mengoperasikan
mode ini, waktu internal dipercepat 800 kali. Mode ini digunakan untuk play
back dan secara khusus digunakan dengan mode operasional M4.
Dalam mode M4 (Alamat Berurutan), pointer akan mengeset ulang ketika

pesan ditampilkan melalui EOM marker. Mode operasional M4 menghalangi
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pointer untuk mereset pada EOM, memungkinkan pesan ditampilkan ulang secara

berurutan.

3.5 Rangkaian Penguat Audio

Pada perancangan alat ini yang di gunakan sebagai output dari ISD adalah
suara yang sudah di rekam ISD. Pendeteksian suara yang keluar menggunakan
rangkaian penguat audio, dan menguatkan suara yang akan di keluarkan melalui
speker. Rangkaian ini di gunakan untuk menguatkan audio dari ISD. Rangkaian
penguat audio yang di gunakan terdiri dari penguat kerja LM 386 , beberapa
capasitor dan resistor. Tegangan referensi adalah +15V. Untuk  komponen
tahanannya berupa variabel resistor di gunakan sebesar 10K dan kapasitansinya di
gunakan untuk memperkuat rangkaian penguat audio. Rangkaian penguat audio

dapat dilihat dalam gambar:
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| pOT
L
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Gambar 3.10 Rangkaian penguat audio
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3.6 ICSN75176
Agar Mikrokontroller AT89S8252 Unit dapat berkomunikasi dengan jarak
jauh dengan push button untuk nilai "0” maka dibutuhkan penguat transmisi data
serial (buffer) yaitu dengan menggunakan penguat SN75176. Penguat SN75176
disini digunakan agar data serial yang dikirimkan dari push button untuk nilai ”0”
dapat menjangkau mikrokontroler AT 89S8252, tetapi alat ini menggunakan kabel
panjang maka pasti ada rugi-rugi yang disebabkan oleh kabel, Dalam alat ini
penguat SN75176 hanya mampu mentransmisikan data serial dengan jarak dekat.
Jadi penguat SN75176 ini untuk memperpanjangan jarak agar tidak terjadi rugi-
rugi dalam pengiriman data.
Gambar rangkaian penguat SN75176 yang digunakan pada

perancangan alat ini ditunjukkan sebagai berikut :

n ESﬁU
|
LI
+5 ]
(Por 30 B2 L ro vce -+T ' galil
Port 3.1 =1 RE B —_— 1
————<DE 3 4] 120
Eortias DI 4 ] DE A = — 2
Port 3.3 —— DI GND ——-l
SN75176 —_
! 560
L] 25
-

Gambar 3.11 Rangkaian penguat SN 75176
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3.7  Transistor Sebagai Saklar dan Penguat

Pada dasarnya sebuah display mengeluarkan sinyal yang sangat kecil
sehingga tidak dapat dideteksi oleh alat ukur biasa. Karena itu di dalam
aplikasinya sebuah display memerlukan sebuah rangkaian saklar dan penguat
(Amplifier) agar sinyal yang dihasilkan sesuai dengan yang diinginkan dan
mampu menggerakkan rangkaian lainnya. Sebuah rangkaian saklar dan penguat
transistor bipolar dengan menggunakan konfigurasi CE (Common Emitor)

diperlihatkan pada gambar 3.12 dibawah ini:

+5Y +15
T L—
. 3K3/.25
Vin)—— —K
i 4K7/.25 ke ;
!1""“'_’0 Ok/.":?; i\ yC9013

Gambar 3.12 Rangkaian Transistor sebagai Saklar dan penguat
Asas kerja dari transistor adalah akan ada arus diantara terminal-terminal
kolektor-emitor (Ic) hanya apabila ada arus yang mengalir diantara terminal basis-
emitor (Ib). jadi transistor harus dioperasikan di daerah linier agar diperoleh sinyal
keluaran yang tidak cacat (distorsi) untuk dapat mengoperasikan secara tepat
maka pengertian tentang karakteristik, titik kerja, disipasi daya transistor, dan
rangkaian bias (ada yang menyebutnya dengan pra tegangan, tegangan kerja awal)

amatlah penting.
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Agar dapat mengkondisikan transistor sebagai saklar maka kita dapat

menghitung nilai Rb sebagai berikut:

b=t
pPdc
b= 50mA
64
Ib=0,78mA
Rb = Vee — Vbe
Ib
_5-12
0,78mA

Rb =4871Q2=4K8
Karena keterbatasan komponen di pasaran maka Rb=4K7

Agar dapat mengkondisikan transistor 9013 sebagai penguat, Dengan menentukan

nilai Rc sebesar 3K3 maka kita bisa menghitung nilai Ic:

Dari data sheet diketahui nilai Bdc dari transistor 9013 =120 maka nilai Ib
dapat dicari:

b=t
Bdc

_4,5mA
120

16 =0,0375mA
Setalah nilai Ic dan Ib sudah dicari maka kita dapat mencari nilai Rb:

Ib

_ Vin—-Vbe
Ib

Rb
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_5-12
0,0375mA

Rb =101KQ
Karena keterbatasan komponen maka nilai Rb=100KQ

3.8 Rangkaian Display Seven Segmen

Seven Segmen terdiri dari tujuh buah Led yang dikemas dalam satu
kemasan. Antara dua kaki yang oleh Led tersebut salah satu kaki dari tujuh Led
tersebut saling dihubungkan satu sama lain atau lebih dikenal dengan common.
Common pada seven segmen yang di gunakan dalam perencanaan ini adalah jenis
common anoda.

Pada perencangan alat ini seven segmen digunakan sebagai tampilan
angka-angka dari 00 sampai 99, tapi pada alat ini angka yang di tampilkan dari 00
sampai 54. seven segmen ini dipasang untuk mengetahui nilai dari hasil dari
pemanah yang terdiri dari 2 buah seven segmen. Gambar dari rangkaian seven

segmen terlihat seperti gambar 3.13 di bawah ini:
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Gambar 3.13 Rangkaian display
Untuk menyalakan satu Led membutuhkan penguatan yaitu sebuah
transistor untuk mengatur terang gelapnya cahaya dari seven segmen tersebut.

Penguatan ini menggunakan transistor jenis C9013. Dengan perhitungan sebagai

berikut:
Il =Jc= Vee —Vied
Re
Ie = 15-2.5
560
le =22mA

Nilai Ic = 22 mA, maka nilai Ib dapat dicari:

_ Mc(sar)
- Hfe

Ib
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_ 22mA
64

Ib

Ib =0,34mA

Dari perhitungan ini dapat dicari nilai Vin:

Vin = IbxRB + Vbe

Vin = 0,34x6800 + 1,2

Vin=337V

Untuk mencari Rc adalah dengan menggunakan rumus:

Re =£/_c_c_
Ic

15

Rc =
22mA

Rc = 681Q

karena keterbatasan nilai resistor yang terdapat dipasaran, maka dipilih
nilai resistansi dengan nilai terdekat yaitu 560 Ohm.

Sehingga nilai Rb:

_Vin—Vbe
Ib

Rb

p 33712
0,34mA

Rb =6,38KQ

Karena tahanan memiliki nilai toleransi maka nilai dari Rb yang

digunakan sebesar 6K8
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3.9 Sensor Tekan (Push Button)

Rangkaian push button digunakan untuk memberikan masukan pada
Mikrokontroler AT89S8252 berupa high atau low, sinyal tersebut akan di gunakan
untuk masukan nilai yang mengenai sasaran.

Rangkaian push button ini berguna untuk membentuk logika high pada
saat push button ditekan. Demikian sebaliknya, jika push button tidak ditekan
maka output rangkaian adalah /ow.

Pada saat push button dalam keadaan tertutup maka tegangan di keluarkan
sebesar 5V, tetapi pada saat push button dalam keadaan terbuka, diharapkan
tegangan keluaran mendekati 0 volt. Ini dapat dicapai dengan pertimbangan
sebagai berikut:

Tegangan supply (Vcc) =5 Volt

Arus (I) = 0,01mA (Arus yang dibutuhkan oleh masukan mikrokontroler

Tegangan Keluaran (V out) = 5 Volt (atau 4,9 Volt)

Maka R dapat dicari:

Vee=Ix R+ Vout

5=(0,01 x 10%x R)+4,9

Y
0,01x1073

R =10000
Maka nilai R = 10K Q

Di bawah ini merupakan rangkaian dari push button:
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Gambar 3.14 Rangkaian Push Button
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b ]
BAB IV
PENGUJIAN ALAT
Umum

4.1

Pengujian alat ini dilakukan untuk mengetahui kinerja dari keseluruhan

sistem rangkaian. Jadi pada tahap ini akan diketahui nilai-nilai serta parameter-

parameter dari setiap bagian yang menyusun sistem secara keseluruhan.

4.2

Pengujian Sensor Tekan (Push Button)
1. Tujuan
Untuk mengetahui apakah push button dapat bekerja dengan baik dan
mampu mengkondisikan keluaran menjadi kondisi high atau low.
2. Peralatan yang digunakan
= Multimeter Digital
= Power Supply 5 volt
» Rangkaian Push Button yang telah dirancang
3. Prosedur Pengujian
= Membuat rangkaian sensor push button seperti pada gambar 4.1.
= Menghubungkan rangkaian dengan power supply 5 volt.
» Mengukur besarnya arus dan tegangan dengan menggunakan
multimeter.
= Pengujian dilakukan dalam dua kondisi yaitu saat tidak ada penekanan
dan ada penekanan.

* Memasukkan hasil pengukuran pada tabel 4.1
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1
* SwW-PB + -
o
Volt Mcter
gi%‘x
Gambar 4.1 Pengujian Rangkaian Push button
4. Hasil pengujian
Tabel 4.1 Hasil Pengujian Rangkaian Push button
Tegangan
Perlakuan Tombol (V)
Tombol { Tombol | Tombol | Tombol | Tombol
Nilai9 | Nilai 7 Nilai § Nilai 3 | Nilail
Ada Penekanan 46v 4.6 v 4.6v 4.6 v 46 v
Tidak Ada Penekanan Ov Ov Ov Ov Ov

Dari hasil pengujian Push button pada tabel 4.1 diatas, maka dapat
diketahui bahwa pada saat ada penekanan tombol dan tegangan yang dihasilkan
adalah 4,6 volt, maka digolongkan sebagai logika high sebagai inputan
mikrokontroller, sebaliknya pada saat kondisi tidak ada penekanan tombol dan
tegangan yang dihasilkan adalah 0 volt, maka digolongkan logika Jow atau tidak

sebagai inputan mikrokontroller.
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5. Pengukuran dan Pengujian push button
Untuk pengukuran dan pengujian push button yaitu dengan mengukur
respon tekanan yang di berikan terhadap push button dengan menguji dan
mengukur jarak pelemparan terhadap area peletakan push button. Dapat dilihat

pada tabel 4.2

Tabel 4.2 Hasil pengukuran dan Pengujian Push button

Area Push Jarak Pelemparan | Pelemparan | Pelemparan | Pelemparan
Button Maximum keras sedang pelan
0 cm 5m v v v
1 em 4,5m v v N
2cm 4m v v _
3cm 3,5m v v _
4 cm 3m v v _
5cm 2,5m v _ ~

4.3 Pengujian Display (Seven Segmen)

1. Tujuan

Untuk mengetahui apakah seven segmen yang bibuat tersebut dapat

menampilkan angka.

2. Peralatan yang digunakan

= PC (Personal Computer)

=  Mikrokontroler dan Downlodernya

= Seven Segmen

b ]
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= Catu daya S volt
3. Prosedur Pengujian
* Merangkai peralatan yang digunakan sesuai gambar 4.2.
* Memberikan catu daya Svolt pada rangkaian mikrokontroler dan
seven segmen.
= Memberikan data ke mikrokontroler.

= Memberikan data ke seven segmen.

= Mengamati tampilan seven segmen.

Downloder Sevent
Mk AT89S8252 Segment

Komputer

Gambar 4.2 Pengujian Sevent Segment

4. hasil pengujian
Hasil pengujian seven segmen ditunjukkan dalam tabel 4.3 berikut ini:

Tabel 4.3 Hasil pengujian Seven Segmen

Data Tampilan Seven Segmen
00111111b 0
00000110b 1
01011011b 2

e — ]
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01001111b 3
01100110b 4
01101101b 5
01111101b 6
00000111b 7
01111111b 8
01101111b 9

4.4 Pengujian Rangkaian ISD 2560
1. Tujuan
Mengetahui bagaimana kerja ISD 2560 dalam menyimpan suara dan
sekaligus dapat mengulang kembali suara dengan menggunakan media
mikropon dan speaker.
2. Peralatan yang digunakan

= Mikropon

Speaker

Catu daya 5V

» LCD

PC (Personal Computer)
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Mk AT89S8252 LCD
A
cunbe | ] reamans | [ sraeen

A

Gambar 4.3 pengujian Rangkaian ISD 2560

3. Prosedur pengujian
» Merangkai seperti blok diagram dalam gambar 4.3
® Mengaktifkan catu daya 5V
» Proses perekaman
- kondisi pin PR =low
- kondisi pin CE =low
* Proses Playback
- kondisi pin PD = high
- kondisi pin CE= low
4. Hasil Pengujian
Hasil pengujian rangkaian ISD 2560, sesuai dengan langkah-langkah

diatas maka untuk memplayback pesan "N, dilakukan sebagai berikut:

= — — . ______ ___ ___ oo
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1. Ubah pin PD ke low dan delay Tpud.

2. Ubah P/R ke High.

3. Jika N=1 (pesan pertama), lalu AO=0 dan pulse CE low. Pesan
pertama akan mulai dan kemudian berhenti.

4. Jika N lebih besar dari 1, harus melakukan N-1 AO Message Cueing
pada mode operasional, dengan melakukan langkah-langkah sebagai
berikut:

a. Ubah AO=0

b. Pulse CE low

c. Tetap pada low EOM

d. Setiap menemukan EOM, berarti telah mencapai pesan, dan
akan bergerak melalui pesan pada 800 kali kecepatan normal.

e. Kurangi 1 dari N, jika N tidak sama, lakukan kembali ke
langkah (a) dan lakukan lagi.

5. Jika N telah dikurangi menjadi 1, lalu ubah AO=0 dan pulse CE low.

Pesan N akan berjalan pada kecepatan normal.

Tabel 4.4 Proses Pemetaan suara rekaman

Pesan ke Isi
1 Nol
2 Satu
3 Dua
4 Tiga

e ____________ e _____]
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5 Empat
6 Lima
7 Enam
8 Tujuh
9 Delapan
10 Sembilan
11 Sepuluh
12 Sebelas
13 Puluh
14 Belas

4.5. Pengujian Rangkaian Serial

1. Tujuan

Untuk mengetahui apakah Rangkaian Serial dapat mengirimkan data

dengan baik dan mampu mengirim data tanpa menghilangkan data (noise)

di tengah jalan karena jarak pengiriman data yang jauh.

2. Peralatan yang digunakan

s PC (Personal komputer)

= Mikrokontroler dan Downlodernya

® Power Supply 5 volt
= Kabel telpon
= Led

s Limit Switch

Institut Teknologi Nasional Malang



80

Skripsi
e == e
3. Prosedur Pengujian

* Merangkai peralatan yang digunakan sesuai gambar 4.4.

=  Memberikan catu daya 5 volt pada rangkaian mikrokontroler dan
IC SN75176.

= Memberikan data ke mikrokontroler.

* Memberikan data ke IC SN75176.

* Mengamati tampilan Led.

Downloder IC
Mk AT89C51 I SN75176
LED

Gambar 4.4 Pengujian Rangkaian Serial

4. Hasil pengujian

Tabel 4.5 Hasil Pengujian Rangkaian Serial

Data Led
00 H Mati
FEH Mati
FFH Nyala

b ]
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Dari hasil pengujian rangkaian serial pada tabel 4.5 diatas, maka dapat
diketahui bahwa pada saat ada penekanan tombol dari Rangkaian serial pertama,
dimasukkan data 00H-FEH ternyata Led dirangkaian serial kedua tidak menyala,

Sedangkan pada waktu dimasukkan data FFH Led menyala.

4.6 Hasil Pengujian Tembakan Anak Panah Pada Papan Target

Tabel 4.6
Pengujian Tingkat Keberhasilan dalam tembakan anak panah pada papan target
Kuning Nilai Keterangan
1 9 Berhasil
2 9 Berhasil
3 9 Berhasil
4 9 Berhasil
5 9 Berhasil
Merah Nilai Keterangan
1 7 Berhasil
2 7 Berhasil
3 7 Berhasil
4 7 Berhasil
5 7 Berhasil
Biru Nilai Keterangan
1 5 Berhasil
2 5 Berhasil
3 5 Berhasil
4 5 Berhasil
5 0 Tidak Berhasil
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Hitam Nilai Keterangan
1 3 Berhasil
2 3 Berhasil
3 3 Berhasil
4 3 Berhasil
5 3 Berhasil
Putih Nilai Keterangan
1 1 Berhasil
2 1 Berhasil
3 1 Berhasil
4 1 Berhasil
5 0 Tidak Berhasil
Garis antara kuning Nilai Keterangan
dan merah
1 9 Berhasil
2 9 Berhasil
3 7 Tidak Berhasil
4 9 Berhasil
5 9 Berhasil
Garis antara merah Nilai Keterangan
dan biru
1 7 Berhasil
2 7 Berhasil
3 7 Berhasil
4 7 Berhasil
5 5 Tidak Berhasil

e ]
Institut TeRnologi Nasional Malang



83

Skripsi
Garis antara biru Nilai Keterangan
Dan hitam
1 5 Berhasil
2 3 Tidak Berhasil
3 5 Berhasil
4 5 Berhasil
5 5 Berhasil
Garis antara hitam Nilai Keterangan
Dan putih
1 3 Berhasil
2 3 Berhasil
3 3 Berhasil
4 3 Berhasil
5 1 Tidak Berhasil

o Berhasil adalah data yang diterima mikrokontroller pada saat pelemparan

anak panah pada papan score.
o Tidak berhasil adalah data yang tidak diterima mikrokontroller pada saat

pelemparan anak panah pada papan score.

Data diambil dari jarak maximal 5 meter, Untuk warna kuning dengan

nilai 9, 5 kali pelemparan berhasil semua. Warna merah dengan nilai 7, 5 kali

pelemparan berhasil semua. Warna biru dengan nilai 5, 5 kali pelemparan 1 kali

tidak berhasil. Warna hitam dengan nilai 3, 5 kali pelemparan berhasil semua.

Warna putih dengan nilai 1, 5 kali pelemparan 1 kali tidak berhasil. Garis antara

kuning dan merah dengan nilai 9, 5 kali pelemparan 1 kali tidak berhasil. Garis

antara merah dan biru dengan nilai 7, 5 kali pelemparan 1 kali tidak berhasil.
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Garis antara biru dan hitam dengan nilai 5, S kali pelemparan 1 kali tidak berhasil,
garis antara hitam dan putih dengan nilai 3, 5 kali pelemparan 1 kali tidak
berhasil. Dari hasil pengujian terlihat bahwa sistem bekerja cukup baik bila dicoba
dengan jarak maksimal 5 meter. Terbukti dari besarnya tingkat keberhasilan
pelemparan anak panah ke papan target sebanyak 45 pelemparan yang hampir
berhasil semua.

Namun dari seluruh hasil pengujian tetap didapatkan kesalahan yang
terjadi, yaitu sebanyak 6 tidak berhasil dari 45 pelemparan. Kesalahan ini dapat
terjadi karena beberapa hal, antara lain jarak antara pelemparan anak panah pada

papan target, kekuatan tekanan, maupun faktor kesalahan manusia yang terjadi

dalam penggunaan alat ini.

R ——
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BABV
PENUTUP

S.1. Kesimpulan
Dari hasil perancangan dan pembuatan serta pengukuran alat yang telah

dilakukan dapat disimpulkan bahwa :

1. Sistem kontrol dalam perancangan ini menggunakan Mikrokontroller AT
8958252 scbagai pengendali utama dan pengolah data dari masukan
Sensor tekan (push button).

2. Berdasarkan pengujian jarak antara respon push button terhadap tekanan
pelemparan diperoleh kesensitifan push button paling besar pada area titik
0 cm dengan maximal jarak push button sebesar 5m , sehingga pada area
titik 5 cm dari push button didapat jarak maximal adalah 2,5 m dengan
tekanan yang keras..

3. Dari pengujian sampel lemparan anak panah ke papan skor sebanyak 45
kali, jumlah yang berhasil 39 kali sehingga didapat kesalahan dalam
pengujian ini sebesar 6 kali. Kesalahan ini dapat terjadi karena beberapa
hal, antara lain jarak antara pelemparan anak panah pada papan target,
kekuatan tekanan, maupun faktor kesalahan manusia yang terjadi dalam

penggunaan alat ini.
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5.2. Saran —saran
1. Untuk pengembangan lebih lanjut, ada baiknya jika papan skor lebih
disempurnakan lagi agar anak panah dapat lebih menancap pada papan
skor.
2. Peletakan sensor pada alat ditempatkan pada posisi yang tepat agar lebih
presisi.
3. Dalam perencanaan alat ini bentuk papan skor dibuat hanya prototype,
oleh karena itu lemparan anak panah menuju papan skor mungkin masih

Jauh dari sempurna dari yang diharapkan, karena keterbatasan dan kurang

kemampuan papan skor untuk menahan tekanan dari anak panah.

Institut Teknologi Nasional Malang

LI &




86

SKripsi
5.2. Saran — saran
1. Untuk pengembangan lebih lanjut, ada baiknya jika papan skor lebih
disempurnakan lagi agar anak panah dapat lebih menancap pada papan
skor.
2. Peletakan sensor pada alat ditempatkan pada posisi yang tepat agar lebih
presisi.
3. Dalam perencanaan alat ini bentuk papan skor dibuat hanya prototype,
oleh karena itu lemparan anak panah menuju papan skor mungkin masih

jauh dari sempurna dari yang diharapkan, karena keterbatasan dan kurang

kemampuan papan skor untuk menahan tekanan dari anak panah.
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panahan2.c
#include <at89s8252.h>

// kontrol 4094

#define stb P3_5
#define dat P3_6
#define clk P3_7

//kontrol isd

#define isd_a0 P10
#define isd_pr PL_1
#define isd_pd P1_2
#define isd_eom P1_3
#define isd_ce P1_4
#define 1isd_ovf P1_5
#define led P3_2
#define led_s P3_3
#define clear 10

#define full 11

volatile unsigned char nilai,hitungan,terima,total,puluhan,satuan;
volatile bit status;

void mainkan(Q);

void tundalms(Q);

void tunda(unsigned int n);

void shift_byte( unsigned char byte );
void update_display(Q);

void init_disp1ay(§;

void init_intser();

void Init_Serial(unsigned char baud);
void tampil(Q);

void playQ;

void go();

void start_skipQ;

/* fungsi tunda 1 milidetik (kira-kira) */
zoid tundalms ()

unsigned char 1i;
for(1=0;1<150;i++)

}

/* fungsi tunda n milidetik */
void tunda(unsigned int n)

unsigned 1int i;

for (i=0; i<n;1++)
tundalms();

/4 seven segment

A msb 1sb
#Hit# it e e e St BL LS St
#o# lalBlCIDIEIFIG]HI
F # # B e e S e N s+
#G # 4094 arah pergeseran >------- >>
###
# #
E # #C
# #
#i##  #
D H

*/

code unsigned char ss_table[12] = {
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lear
ull

o

X

o

(0]
R EE RS ERNY
e e e e S S
=HN WO NONHWNHO

1

void shift_byte( uns1Ened char byte ) {
unsigned char mask = 1;

while ( mask ) {
dat = ( byte & mask ) ? 1 : O;
mask <<= 1;
clk = 1;
tunda(3);
clk = 0;
tunda(3);

}

}

unsigned char ss_buffer[2];

void update_display() {
unsigned char 1i;
for (1 =0; 1 <2; i++ ) {
shift_byte( ss_table[ ss_buffer[i] ] );

// STROBE 'em!!
sth = 1;
tunda(3);
stb = 0;

} tunda(3);

void init_display() {
unsigned char 1;

for (i =0; 1 <2; i++ ) {
SS. buffer[1] = full;

update_display(Q);

tunda(2000) ;
for (1 =0; 1 <2; i++ ) {
ss_buffer{i] = clear;

} update_display();

void init_intser()
EA=1;

ES=1;
Ps=1; //prioritas tinggi
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void Init_Serial(unsigned char baud)

TMOD=0x20; //timer 1 mode 2 (autoreload)
PCON=0x0 ; // SMOD =0
SM0=0;
sml=1; //mode 1
REN=1; //terima dibolehkan .
TH1=baud; //kecepatan 9600 bps (nilai reload)
TL1=baud; //nilai awal timer

) TR1=1; // timer dijalankan

void IntSerial (Qinterrupt 4 using 1 //interupsi serial
ES=0;
RI=0; //flag interrupt dinolkan

terima=SBUF;
}f (terima==0xff)

led_s=0;
}f (status)

if (hitungan==0) hitungan+=1;
?1se if (hitungan==7)

ss_buffer[0]=total / 10;
ss_buffer[1l]=total % 10;
u?date_display();

} playQ;

?1se if (Chitungan !'= 0) || Chitungan != 7))
nilai=0;
hitungan+=1;

tampil Q;
goQ);

}
else
status=1;

if (hitungan==6) hitungan=0;
else hitungan +=1;

total=22;
playQ;

ES=1;

NN
NN

ioid mainkan(Q)

isd_a0=0;
isd_ce=0;
isd_ce=1;
while (isd_eom==1)

%unda(13);
} isd_pd=1;

void start_skip(Q)
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{
isd_pd=0;
tunda(25);
} isd_a0=1;
;oid play()

unsigned char z;
puluhan=total / 10;
satuan=total % 10;
start_skipQ;

if (puluhan==0) goQ;
else if (puluhan==1)
if (satuan==0)

Eor (z=0;2<10;2z++)
isd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);

mainkan(};
//end satuan=0

else if (satuan==1)
for (z=0;2<11;z++)
isd_ce=0;
isd_ce=1;
while (isd_eom) ;
%unda(13);

mainkan(Q;
} //end satuan=1

else
for (z=0;z<satuan;z++)
isd_ce=0;
isd_ce=1;
while (isd_eom) ;
;unda(13);
mainkanQ;
tunda(50);
start_skipQ;
for (z=0;2<12;z++)
isd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);
y mainkan(Q);
} //end puluhan=1
else

if (satuan==0)
Page 4



for (z=0;z<puluhan;z++)

1sd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);

mainkan();
tunda(50);
start_skipQ;

for (z=0;z<13;z++)

isd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);

) mainkanQ;
else

{

for (z=0;z<puluhan;z++)

1sd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);

mainkan();
tunda(50);
start_skip(Q;

for (z=0;2<13;z++)

isd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);

mainkan();
tunda(50);
start_skipQ;

for (z=0;z<satuan;z++)

isd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);

mainkanQ);

}

} //end else
hitungan=nilai=total=0;
}// end fungsi

¥oid tampil Q)
led=1;
total+=nilai;
if (hitungan <= 5)

ss_buffer[0]=nilai / 10;
ss_buffer[1l]=nilai % 10;

panahan2.c
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update_display(Q);

else

ss_buffer[0]=nilai / 10;
ss_buffer[l]=nilai % 10;
update_dis§1ay();
tunda (3000) ;
ss_buffer[0]=total / 10;
ss_buffer[l]=total % 10;
update_display(Q);
status=0;
}
}

void go(Q)
{

unsigned char lup;
isd_pd=0;

tunda(25);

isd_a0=1;

gor (Tup=0; Tup<nilai;lup++)

isd_ce=0;
isd_ce=1;

while (isd_eom) ;
tunda(13);

}
1sd_a0=0;
isd_ce=0;
isd_ce=1;
while (isd_eom) ;
tunda(13);

} isd_pd=1;

void main()

P2=0;

isd_a0=0;
isd_pr=isd_pd=isd_eom=1sd_ce=isd_ovf=1;
P1_6=0; //Disable Transmit
P1_7=0; //Enable Receive

nilai=total=hitungan=0;
stb=clk=dat=0;
Ted=led_s=1;

init_intser(); o .
Init_Serial(0xfd); // inisialisasi port serial

ss_buffer[0]=0;
ss_buffer[1]=0;
update_display();
tunda(1000g;
while(1)
while(status)
if ((P2==0x10) || (P2==0x18))

tunda(10);
led=0;
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led_s=
while ((PZ =0x10) || (P2==0x18));
tunda(2000);
nilai=9;
tam§11();
go();
status=0;
if (hitungan == 6)

tunda(2000) ;
playQ;

}
?1se if ((P2==0x08) || (P2==0x0c))

tunda(10);

1ed—0

led_s=

while ((P2==0x08) Il (P2==0x0c));
tunda(2000) ;

nilai=7;

tam§11(),

status=0;
if (h1tungan == 6)

tunda (2000) ;
playQ;

}
?1se if ((P2==0x04) || (P2==0x06))

tunda(10);

led=0;

Ted_s=1

while ((PZ =0x04) || (P2==0x06));
tunda(2000) ;

nilai=S;

tam§11(),

status=0;
if (h1tungan == 6)

tunda(2000);
) playQ;

}
%1se if ((P2==0x02) || (P2==0x03))

tunda(10);
led=0;

led_s=1;

while ((P2==0x02) |1 (P2==0x03));
tunda (2000);

nilai=3;

tam§11(),

status=0
if (h1tungan == 6)

tunda (2000) ;
) play(Q;
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%1se if (P2==0x01)

tunda(10);

led=0;

Ted_s=1;

while (P2==0x01);
tunda(2000) ;
nilai=1;

tam§11();

goQ);

status=0;

if (hitungan == 6)

tunda (2000) ;
playQ;

} /; end status
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Features

* Compatible with MCS-51™ Products

¢ 8K Bytes of In-System Reprogrammable Downloadable Flash Memory
~ SPI Serial Interface for Program Downloading
— Endurance: 1,000 Write/Erase Cycles

* 2K Bytes EEPROM

— Endurance: 100,000 Write/Erase Cycles

4.0V to 6V Operating Range

Fully Static Operation: 0 Hz to 24 MHz

Three-Level Program Memory Lock

256 x 8-bit Internal RAM

32 Programmable 1/O Lines

Three 16-bit Timer/Counters

Nine Interrupt Sources

Programmable UART Serial Channel

SPI Serial Interface

Low Power Idle and Power Down Modes

Interrupt Recovery From Power Down

Programmable Watchdog Timer

Dual Data Pointer

Power Off Flag

Description

The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with
8K bytes of Downloadable Flash programmable and erasable read only memory and
2K bytes of EEPROM. The device is manufactured using Atmel's high density nonvol-
atile memory technology and is compatible with the industry standard 80C51 instruc-
tion set and pinout. The on-chip Downloadable Flash allows the program memory to
be reprogrammed in-system through an SPI serial interface or by a conventional non-
volatile memory programmer. By combining a versatile 8-bit CPU with Downloadable
Flash on a monolithic chip, the Atmel AT89S8252 is a powerful microcomputer which
provides a highly flexible and cost effective solution to many embedded control appli-
cations.

The AT8958252 provides the following standard features: 8K bytes of Downloadable
Flash, 2K bytes of EEPROM, 256 bytes of RAM, 32 I/O lines, programmable watch-
dog timer, two Data Pointers, three 16-bit timer/counters, a six-vector two-level inter-
rupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In
addition, the AT8958252 is designed with static logic for operation down to zero fre-
quency and supports two software selectable power saving modes. The Idle Mode
stops the CPU while allowing the RAM, timer/counters, serial port, and interrupt sys-
tem to continue functioning. The Power Down Mode saves the RAM contents but
freezes the oscillator, disabling all other chip functions until the next interrupt or hard-
ware reset.

The Downloadable Flash can be changed a single byte at a time and is accessible
through the SPI serial interface. Holding RESET active forces the SPI bus into a serial
programming interface and allows the program memory to be written to or read from
unless Lock Bit 2 has been activated.

!

8-Bit
Microcontroller
with 8K Bytes
Flash

AT89S58252

0401D-A-12/97
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Pin Configurations
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Pin Description

Vee

Supply voltage.
GND

Ground.

Port 0

Port 0 is an 8-bit open drain bidirectional 1/0 port. As an
output port, each pin can sink eight TTL inputs. When 1s
are written to port 0 pins, the pins can be used as high-
'mpedance inputs.

Port O can also be configured to be the multiplexed low-
order address/data bus during accesses to external pro-
Jram and data memory. In this mode, PO has internal pul-
ups.

1-106

[ P0.4 (AD4)
[PO.5 (ADS)
[ PO.6 (AD6)
[1P0.7 (AD7)
P EAvPP
bne

[ ALE/PROG
D FSEN
P27 (A15)
[1P2.6 (A14)
[1P2.5(A13)

Port 0 also receives the code bytes during Flash program-
ming and outputs the code bytes during program verifica-
tion. External pullups are required during program verifica-
tion.

Port 1

Port 1 is an 8-bit bidirectional I/O port with internal pullups.
The Port 1 output buffers can sink/source four TTL inputs.
When 1s are written to Port 1 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 1 pins that are externally being pulled low will source
current (I ) because of the internal pullups.

Some Port 1 pins provide additional functions. P1.0 and
P1.1 can be configured to be the timer/counter 2 external
count input (P1.0/T2) and the timer/counter 2 trigger input
(P1.1/T2EX), respectively.

AT89S8252 messes———esse——
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Furthermore, P1.4, P1.5, P1.6, and P1.7 can be configured

as the SPI slave port select, data input/output and shift
clock input/output pins as shown in the following table. Port Pin Alternate Functions
Port Pin Alternate Functions P30 RXD (serial input port) -
P1.0 T2 (external count input to Timer/Counter 2), P31 ] T?_(?_(_sﬂ'?.l 99_:99: por F) S
clock-out P3.2 INTO (external interrupt 0)
P1.1 T2EX (Timer/Counter 2 capture/reload trigger P3.3 INT1 (external interrupt 1) |
and direction contro) P3.4 TO (timer 0 external input)
P14 SS (Stave port select input) P3.5 T1 (timer 1 external input)
P1.5 MOSI (Master data output, slave data input pin — -
for SPI channel) P3.6 YV_R (external data memory write strobe)
P1.6 MISO (Master data input, slave data output pin Pa.7 RD (external data memory read strobe)
for SPI channel) RST
P17 SCK (Master clock output, slave clock input pin Reset input. A high on this pin for two machine cycles while
for SPI channel) the oscillator is running resets the device.

Port 1 also receives the low-order address bytes during
Flash programming and verification.

Port 2

Port 2 is an 8-bit bidirectional I/O port with internal pullups.
The Port 2 output buffers can sink/source four TTL inputs.
When 1s are written to Port 2 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 2 pins that are externally being pulled low will source
current (I, ) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, Port 2 uses strong internal pul-
lups when emitting 1s. During accesses to external data
memory that use 8-bit addresses (MOVX @ RI), Port 2
emits the contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash programming and verification.

Port 3

Port 3 is an 8 bit bidirectional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins, they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulled low will source
current (I ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89S8252, as shown in the following table.

Port 3 also receives some control signals for Flash pro-
gramming and verification.
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ALE/PROG

Address Latch Enable is an output pulse for latching the
low byte of the address during accesses to external mem-
ory. This pin is also the program pulse input (PROG) during
Flash programming.

In normal operation, ALE is emitted at a constant rate of 1/6
the oscillator frequency and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
pulse is skipped during each access to external data mem-
ory.

If desired, ALE operation can be disabled by setting bit 0 of
SFR location 8EH. With the bit set, ALE is active only dur-
ing a MOVX or MOVC instruction. Otherwise, the pin is
weakiy pulled high. Setting the ALE-disable bit has no
effect if the microcontroller is in external execution mode.

PSEN
Program Store Enable is the read strobe to external pro-
gram memory.

When the AT8958252 is executing code from external pro-
gram memory, PSEN is activated twice each machine
cycle, except that two PSEN activations are skipped during
each access to external data memory.

EA/Vpp

External Access Enable. EA must be strapped to GND in
order to enable the device to fetch code from external pro-
gram memory locations starting at 0000H up to FFFFH.
Note, however, that if lock bit 1 is programmed, EA will be
internally latched on reset.

EA should be strapped to V¢ for internal program execu-
tions. This pin also receives the 12-volt programming
enable voltage (Vpp) during Flash programming when 12-
volt programming is selected.
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XTAL1

Input to the inverting oscillator amplifier and input to the
internal clock operating circuit.

XTAL2

Output from the inverting oscillator amplifier.

Table 1. AT8958252 SFR Map and Reset Values

OF8H

OFOH

OE8H

OEOH

0D8H

O0DOH

0C8H

0COH

0B8H

0BOH

0ASH

0AQH

98H

90H

88H

80H

Special Function Registers

A map of the on-chip memory area called the Special Func-
tion Register (SFR) space is shown in Table 1.
Note that not all of the addresses are occupied, and unoc-
cupied addresses may not be implemented on the chip.
Read accesses to these addresses will in general return
random data, and write accesses will have an indeterminate

effect.

00000000

ACC
00000000

PSW
00000000

SPCR
000001XX

T2CON
00000000

T2MOD
XXXXXX00

RCAP2L
00000000

RCAP2H
00000000

TL2
00000000

TH2
00000000

P
XX000000

P3
1111111

IE
0X000000

SPSR

BOXXXXXX

P2
11111411

SCON
00000000

SBUF
XXXXXXXX

P1
1111111

WMCON
00000010

TCON
000006000

™OD
00000000

TLO
00000000

L
00000000

PO
11111111

SP
00000111

DPOL
00000000

DPOH
00000000

THO
00000000

DP1L
00000000

TH1
00000000

DP1H

00000000

XXXXXXXX

SPDR

PCON
0XXX0000

OFFH

OF7H

0EFH

0E7H

0DFH

0D7H

OCFH

OC7H

0BFH

0B7H

OAFH

0A7H

9FH

97H

8FH

87H
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User software should not write 1s to these unlisted loca-
tions, since they may be used in future products to invoke
new features. In that case, the reset or inactive values of the
new bits will always be 0.

Timer 2 Registers Control and status bits are contained in
registers T2CON (shown in Table 2) and T2MOD (shown in
Table 9) for Timer 2. The register pair (RCAP2H, RCAP2L)
are the Capture/Reload registers for Timer 2 in 16 bit cap-
ture mode or 16-bit auto-reload mode.

Watchdog and Memory Control Register The WMCON
register contains control bits for the Watchdog Timer
(shown in Table 3). The EEMEN and EEMWE bits are used
to select the 2K bytes on-chip EEPROM, and to enable
byte-write. The DPS bit selects one of two DPTR registers
available.

Table 2. T2CON—Timer/Counter 2 Control Register

SPI Registers Control and status bits for the Serial Periph-
eral Interface are contained in registers SPCR (shown in
Table 4) and SPSR (shown in Table 5). The SPI data bits
are contained in the SPDR register. Writing the SPI data
register during serial data transfer sets the Write Collision
bit, WCOL, in the SPSR reglster The SPDR is double buff-
ered for writing and the values in SPDR are not changed by
Reset.

Interrupt Registers The global interrupt enable bit and the
individual interrupt enable bits are in the IE register. In addi-
tion, the individual interrupt enable bit for the SPl is in the
SPCR register. Two priorities can be set for each of the six
interrupt sources in the IP register.

T2CON Address = 0C8H

Reset Value = 0000 00008

Bit Addressable
TF2 EXF2 RCLK TCLK EXEN2 TR2 Cc/T2 CP/RL2

Bit 7 6 5 4 3 2 1 0

Symbol | Function

TF2 Timer 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be set when either
RCLK=10or TCLK=1.

EXF2 Timer 2 external flag set when either a capture or reload is caused by a negative transition on T2EX and EXEN2 = 1.
When Timer 2 Interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the Timer 2 interrupt routine. EXF2 must be
cleared by software. EXF2 does not cause an interrupt tn up/down counter mode (DCEN = 1).

RCLK Recesive clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its receive clock in serial port
Modes 1 and 3. RCLK = 0 causes Timer 1 overﬂows lo be used for the receive clock.

TCLK Transmit clock enable. When set, causes the senal port to use Tlmer 2 overflow pulses for its transmit clock in senal port

o g_l_Ylp_des 1 and_s TCLK 9 causes Ti Timer 1 overflows to be used for the transmit clock.

EXEN2 Timer 2 external enable. When set, allows a capture or reload to occur as a result of a negative transition on T2EX if
Timer 2 is not being used to clock the serial port. EXEN2 = 0 causes Timer 2 to ignore events at T2EX.

TR2 Start/Stop control for Timer 2. TR2 = 1 starts the timer. N

c2 Timer or counter select for Timer 2. C/72 = 0 for timer function. C/T2 = 1 for external event counter (falling edge triggered).

CP/RL2 CapturelReload.select. CP/RLZ = 1 causes captures to occur on negative transitions at T2EX if EXEN2 = 1. CP/RL2 =0
causes automatic reloads to occur when Timer 2 overflows or negative transitions occur at T2EX when EXEN2 = 1. When
either RCLK or TCLK = 1, this bit is ignored and the timer is forced to auto-reload on Timer 2 overflow.
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Dual Data Pointer Registers To facilitate accessing both
intemal EEPROM and external data memory, two banks of
16 bit Data Pointer Registers are provided: DPO at SFR
address locations 82H-83H and DP1 at 84H-85H. Bit DPS
=0 in SFR WMCON selects DP0 and DPS = 1 selects
DP1. The user should always initialize the DPS bit to the

Table 3. WMCON—Watchdog and Memory Control Register

appropriate value before accessing the respective Data
Pointer Register.

Power Off Flag The Power Off Flag (POF) is located at
bit_4 (PCON.4) in the PCON SFR. POF is set to “1” during
power up. It can be set and reset under software control
and is not affected by RESET.

WMCON Address = 96H Reset Value = 0000 0010B
Ps2 PS1 PSO EEMWE EEMEN DPS WDTRST WDTEN

Bit 7 6 5 4 3 2 1 0

Symbol Function

PS2 Prescaler Bits for the Watchdog Timer. When all three bits are set to “0”, the watchdog timer has a nominal period of 16

PS1 ms. When all three bits are set to “1”, the nominal period is 2048 ms.

PS0

EEMWE EEPROM Data Memory Write Enable Bit. Set this bit to “1” before initiating byte write to on-chip EEPROM with the
MOVX instruction. User software should set this bit to “0" after EEPROM write is completed.

EEMEN Internal EEPROM Access Enable. When EEMEN = 1, the MOVX instruction with DPTR will access on-chip EEPROM
instead of external data memory. When EEMEN = 0, MOVX with DPTR accesses external data memory.

DPS Data Pointer Register Select. DPS = 0 selects the first bank of Data Pointer Register, DPO, and DPS = 1 selects the
second bank, DP1

WDTRST | Watchdog Timer Reset and EEPROM Ready/Busy Flag. Each time this bit is set to 1" by user software, a pulse is

RDY/BSY | generated to reset the watchdog timer. The WDTRST bit is then ‘automatically reset to “0” in the next instruction cycle.
The WDTRST bit is Write-Only. This bit also serves as the RDY/BSY flag in a Read-Only mode during EEPROM write.
RDY/BSY = 1 means that the EEPROM is ready to be programmed. While programming operations are being executed,
the RDY/BSY bit equals “0” and is automatically reset to “1” when programming is oompletedL -

WDTEN Watchdog Timer Enable Bit. WDTEN = 1 enables the watchdog timer and WDTEN = 0 disables the watchdog timer.

ATMEL
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Table 4. SPCR—SPI Control Register

SPCR Address = DSH

Reset Value = 0000 01XXB

SPIE SPE DORD MSTR | CPOL CPHA SPR1 SPRO
Bit 7 6 5 4 3 2 1 0

Symbol | Function

SPIE SP! Interrupt Enable. This bit, in conjunction with the ES bit in the IE register, enables SPI interrupts: SPIE = 1 and ES
=1 enable SPI interrupts. SPIE = 0 disables SP! interrupts.

SPE SPI Enable. SP! = 1 enables the SPI channel and connects §S, MOSI, MISO and SCK to pins P1.4, P1.5, P1.6, and
P1.7. SPI = 0 disables the SPI channel.

DORD Data Order. DORD = 1 selects LSB first data transmission. DORD = 0 selects MSB first data transmission. 7

MSTR Master/Slave Select. MSTR = 1 selects Master SPI mode. MSTR = 0 selects Slave SPI mode.

CPOL Clock Polarity. When CPOL = 1, SCK is high when idle. When CPOL = 0, SCK of the master device is low when not
transmitting. Please refer to figure on SPI Clock Phase and Polarity Control.

CPHA Clock Phase. The CPHA bit together with the CPOL bit controls the clock and data relationship between master and
slave. Please refer to figure on SPI Clock Phase and Polarity Contro!.

SPRO SPI Clock Rate Select. These two bits control the SCK rate of the device configured as master. SPR1 and SPRO have

SPR1 no effect on the slave. The relationship between SCK and the oscillator frequency, Fosc., is as follows:

SPR1 SPRO SCK = Fogc, divided by
0 0 4
0 1 16
1 0 64
1 1 128
Table 5. SPSR—SPI Status Register
SPSR Address = AAH Reset Value = 00XX XXXXB
SPIF wcoL - - 1 = — — —

Bit 7 6 5 4 | 3 2 1 0

Symbol | Function »

SPIF SPI Interrupt Flag. When a serial transfer is complete, the SPIF bit is set and an interrupt is generated if SPIE = 1 and
ES = 1. The SPIF bit is cleared by reading the SPI status register with SPIF and WCOL bits set, and then accessing
the SPI data register.

WCOL Write Collislon Flag. The WCOL bit is set if the SPI data register is written during a data transfer. During data transfer,
the result of reading the SPDR register may be incorrect, and writing to it has no effect. The WCOL bit (and the SPIF
bit) are cleared by reading the SPI status register with SPIF and WCOL set, and then accessing the SPI data register.
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Table 6. SPDR—SPI Data Register

SPDR Address = 86H

Reset Value = unchanged

SPD7 SPD6 SPD5
Bit 7 6 5 4

SPD4

SPD3 SPDO

SPD2 SPD1
3 2 1 0

Data Memory—EEPROM and RAM

The AT8958252 implements 2K bytes of on-chip EEPROM
for data storage and 256 bytes of RAM. The upper 128
bytes of RAM occupy a parallel space to the Special Func-
tion Registers. That means the upper 128 bytes have the
same addresses as the SFR space but are physically sepa-
rate from SFR space.

When an instruction accesses an internal location above
address 7FH, the address mode used in the instruction
specifies whether the CPU accesses the upper 128 bytes
of RAM or the SFR space. Instructions that use direct
addressing access SFR space.

For example, the following direct addressing instruction
accesses the SFR at location 0AOH (which is P2).

MOV OAOH, #data

Instructions that use indirect addressing access the upper
128 bytes of RAM. For example, the following indirect
addressing instruction, where RO contains 0AOH, accesses
the data byte at address OAOH, rather than P2 (whose
address is 0AOH).

MOV @RO, #idata

Note that stack operations are examples of indirect
addressing, so the upper 128 bytes of data RAM are avail-
able as stack space.

The on-chip EEPROM data memory is selected by setting
the EEMEN bit in the WMCON register at SFR address
location 86H. The EEPROM address range is from 000H to
7FFH. The MOVX instructions are used to access the
EEPROM. To access off-chip data memory with the MOVX
instructions, the EEMEN bit needs to be set to “0”".

The EEMWE bit in the WMCON register needs to be set to
“1” before any byte location in the EEPROM can be written.
User software should reset EEMWE bit to “0” if no further
EEPROM write is required. EEPROM write cycles in the
serial programming mode are self-timed and typically take
2.5 ms. The progress of EEPROM write can be monitored
by reading the RDY/BSY bit (read-only) in SFR WMCON.
RDY/BSY = 0 means programming is still in progress and
RDY/BSY = 1 means EEPROM write cycle is completed
and another write cycle can be initiated.

In addition, during EEPROM programming, an attempted
read from the EEPROM will fetch the byte being written
with the MSB complemented. Once the write cycle is com-
pleted, true data are valid at all bit locations.

AIMEL

Programmable Watchdog Timer

The programmable Watchdog Timer (WDT) operates from
an independent oscillator. The prescaler bits, PS0, PS1
and PS2 in SFR WMCON are used to set the period of the
Watchdog Timer from 16 ms to 2048 ms. The available
timer periods are shown in the following table and the
actual timer periods (at Vgc = 5V) are within £30% of the
nominal.

The WDT is disabled by Power-on Reset and during Power
Down. It is enabled by setting the WDTEN bit in SFR
WMCON (address = 96H). The WDT is reset by setting the
WDTRST bit in WMCON. When the WDT times out without
being reset or disabled, an internal RST pulse is generated
to reset the CPU.

Table 7. Watchdog Timer Period Selection

WDT Prescaler Bits Period (nominal)
PS2 PS1 PS0

0 0 0 16 ms

0 0 1 32ms |

0 1 0 64 ms N

0». N ) 1 - ~1--~-~—~ T 128 ms" ]

1 0 0 256 ms

1 0 1 512 ms

1 1 0 1024 ms

1 1 1 2048ms |
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Timer 0 and 1

Timer 0 and Timer 1 in the AT89S8252 operate the same
way as Timer 0 and Timer 1 in the AT89C51, AT89C52 and
AT89C55. For further information, see the October 1995
Microcontroller Data Book, page 2-45, section titled,
“Timer/Counters.”

Timer 2

Timer 2 is a 16 bit Timer/Counter that can operate as either
a timer or an event counter. The type of operation is
selected by bit C/T2 in the SFR T2CON (shown in Table 2).
Timer 2 has three operating modes: capture, auto-reload
(up or down counting), and baud rate generator. The
modes are selected by bits in T2CON, as shown in Table 8.

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the
Timer function, the TL2 register is incremented every
machine cycle. Since a machine cycle consists of 12 oscil-
lator periods, the count rate is 1/12 of the oscillator fre-
quency.

In the Counter function, the register is incremented in
response to a 1-to-0 transition at its corresponding external
input pin, T2. In this function, the external input is sampled
during S5P2 of every machine cycle. When the samples
show a high in one cycle and a low in the next cycle, the
count is incremented. The new count value appears in the
register during S3P1 of the cycle following the one in which
the transition was detected. Since two machine cycles (24
oscillator periods) are required to recognize a 1-to-0 transi-
tion, the maximum count rate is 1/24 of the oscillator fre-
quency. To ensure that a given level is sampled at least
once before it changes, the level should be held for at least
one full machine cycle.

Figure 1. Timer 2 in Capture Mode

Table 8. Timer 2 Operating Modes

RCLK+TCLK | CP/RL2 | TR2 | MODE
0 0 1 16-bit Auto-Reload
0 1 1 16-bit Capture
' X 1 vé;ﬁ-d-li'ate’ Generator
o ‘X~ X 0 (Off) -
Capture Mode

In the capture mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 is a 16 bit timer
or counter which upon overflow sets bit TF2 in T2CON.
This bit can then be used to generate an interrupt. If
EXEN2 = 1, Timer 2 performs the same operation, but a I-
to-0 transition at external input T2EX also causes the cur-
rent value in TH2 and TL2 to be captured into RCAP2H and
RCAP2L, respectively. In addition, the transition at T2EX
causes bit EXF2 in T2CON to be set. The EXF2 bit, like
TF2, can generate an interrupt. The capture mode is illus-
trated in Figure 1.

Auto-Reload (Up or Down Counter)

Timer 2 can be programmed to count up or down when
configured in its 16 bit auto-reload mode. This feature is
invoked by the DCEN (Down Counter Enable) bit located in
the SFR T2MOD (see Table 9). Upon reset, the DCEN bit
is set to 0 so that timer 2 will default to count up. When
DCEN is set, Timer 2 can count up or down, depending on
the value of the T2EX pin.

Figure 2 shows Timer 2 automatically counting up when
DCEN = 0. In this mode, two options are selected by bit
EXEN2 in T2CON. If EXEN2 = 0, Timer 2 counts up to

osc +12 _
| C2 =0 :
o | o7o o TH? 2 | of 2 }
T ] ';2 _conTrRoL OVERFLOW
CA5 = 1 o S .
O N WV ]
T2 PIN CAPTURE l | r—'D |
RCAP2H | RCAP2L .
TRANSITION
TIMER 2
PETECTOR INTERRUPT
T2EX PIN D'—'——. -k ()/(} - EXF2

EXEN2
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OFFFFH and then sets the TF2 bit upon overflow. The over-
flow also causes the timer registers to be reloaded with the
16 bit value in RCAP2H and RCAP2L. The values in
RCAP2H and RCAP2L are preset by software. If EXEN2 =
1, a 16 bit reload can be triggered either by an overflow or
by a 1-to-0 transition at external input T2EX. This transition
also sets the EXF2 bit. Both the TF2 and EXF2 bits can
generate an interrupt if enabled.

Setting the DCEN bit enables Timer 2 to count up or down,
as shown in Figure 3. In this mode, the T2EX pin controls
the direction of the count. A logic 1 at T2EX makes Timer 2
count up. The timer will overflow at OFFFFH and set the
TF2 bit. This overflow also causes the 16 bit value in

Figure 2. Timer 2 in Auto Reload Mode (DCEN = 0)

RCAP2H and RCAP2L to be reloaded into the timer regis-
ters, TH2 and TL2, respectively.

A logic 0 at T2EX makes Timer 2 count down. The timer
underflows when TH2 and TL2 equal the values stored in
RCAP2H and RCAP2L. The underflow sets the TF2 bit and
causes OFFFFH to be reloaded into the timer registers.
The EXF2 bit toggles whenever Timer 2 overflows or
underflows and can be used as a 17th bit of resolution. In
this operating mode, EXF2 does not flag an interrupt.

osc o =12 )
/
o0 o THe =
CONTROL ! OVERFLOW
T ) TR2 . ,/\ ,/\
] A RELOAD .
T2 PIN TIMER 2
INTERRUPT
Q RCAP2H | RCAP2L .
D S ()
TRANSITION
DETECTOR —E > ;
T2EX PIN [] RN ;z"fﬂv‘-— e » EXF2 [—
| coNTRoOL
EXEN2
Table 9. T2MOD—Timer 2 Mode Control Register
T2MOD Address = 0C9H Reset Value = XXXX XX00B
Not Bit Addressable
— - - —_ —_ —_ T20E DCEN
Bit 7 6 5 4 3 2 1 o
Symbol Function
— Not implemented, reserved for future use.
T20E Timer 2 Cutput Enable bit. B
DCEN When set, this bit allows Timer 2 to be configured as an up/down counter.

AImEL

4-115



Almgy

Figure 3. Timer 2 Auto Reload Mode (DCEN = 1)
(DOWN COUNTING RELOAD VALUE) TOGGLE

OFFH | OFFH 4 L e

’A I
0SC | +12 _ \/ \/ OVERFLOW
C/me =
L1 O—— TH2 T2 o TR2
| conTROL °
TR2 Zﬁfﬁ“ﬁ& : M
TCfT? =1 ’ TIMER 2
e ; INTERRUPT
T2 PIN . ;
RCAP2H | RCAP2L
COUNT
(UP COUNTING RELOAD VALUE) ?lBECTION
0=DOWN
T2EX PIN

Figure 4. Timer 2 in Baud Rate Generator Mode
TIMER 1 OVERFLOW

r.‘...--__.ﬂ.«l__.

£2
[ nqn aqn
—— NOTE: OSC. FREQ. 1S DIVIDED BY 2, NOT 12 S
S SMOD1
C
osc |- +2 }—1 _
CM2=0
» -
—OTO—— TH2 | T2 |—e—e—b <
f ! — l e T RCLK Ry
| ]
| contROL | 5| (]} cLOCK
TR2 /\Lf o o +16 - - >
o
D——‘- A ﬁ1“ non
T2 PIN s e
RCAP2H | RCAP2L o TOLK oy
TRANSITION L[ .6 |CocK
DETECTOR
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Baud Rate Generator

Timer 2 is selected as the baud rate generator by setting
TCLK and/or RCLK in T2CON (Table 2). Note that the baud
rates for transmit and receive can be different if Timer 2 is
used for the receiver or transmitter and Timer 1 is used for
the other function. Setting RCLK and/or TCLK puts Timer 2
into its baud rate generator mode, as shown in Figure 4.

The baud rate generator mode is similar to the auto-reload
maode, in that a rollover in TH2 causes the Timer 2 registers
to be reloaded with the 16 bit value in registers RCAP2H
and RCAP2L, which are preset by software.

The baud rates in Modes 1 and 3 are determined by Timer
2's overflow rate according to the following equation.

Modes 1 and 3 Baud Rates = Timer 2 O:grﬂow Rate

The Timer can be configured for either timer or counter
operation. In most applications, it is configured for timer
operation (CP/T2 = 0). The timer operation is different for
Timer 2 when it is used as a baud rate generator. Normally,
as a timer, it increments every machine cycle (at 1/12 the
oscillator frequency). As a baud rate generator, however, it
increments every state time (at 1/2 the oscillator fre-
quency). The baud rate formula is given below.

Figure 5. Timer 2 in Clock-Out Mode

2 b o

0sC

N\
N

P1.0
(T2)

TRANSITION

" \__ DETECTOR
)

P11

(T2EX)

N

EXEN2

Modes 1 and 3 _ Oscillator Frequency
Baud Rate 32 0165536 — (RCAP2H,RCAP2L (1]

where (RCAP2H, RCAP2L) is the content of RCAP2H and
RCAPZ2L taken as a 16 bit unsigned integer.

Timer 2 as a baud rate generator is shown in Figure 4. This
figure is valid only if RCLK or TCLK = 1 in T2CON. Note
that a rollover in TH2 does not set TF2 and will not gener-
ate an interrupt. Note too, that if EXEN2 is set, a 1-to-0
transition in T2EX will set EXF2 but will not cause a reload
from (RCAP2H, RCAP2L) to (TH2, TL2). Thus when Timer
2 is in use as a baud rate generator, T2EX can be used as
an extra external interrupt.

Note that when Timer 2 is running (TR2 = 1) as a timer in
the baud rate generator mode, TH2 or TL2 should not be
read from or written to. Under these conditions, the Timer is
incremented every state time, and the results of a read or
write may not be accurate. The RCAP2 registers may be
read but should not be written to, because a write might
overlap a reload and cause write and/or reload errors. The
timer should be turned off (clear TR2) before accessing the
Timer 2 or RCAP2 registers.

o T2 . TH2 |
* (8 BITS) | (8 BITS)
N AT
RCAP2L | RCAP2H
C/T2 BIT
— 22 RN g
T20E (T2MOD.1)
o ExEs | TIMER 2
| EXF2 INTERRUPT
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Programmable Clock Out UART
A 50% duty cycle clock can be programmed to come outon  Tho UART in the AT89S8252 operates the same way as

P1.0, s shown in Figure 5. This pin, besides being arequ-  yhe YART in the ATBIC51, ATBIC52 and ATBICSS. For

lar I/0 pin, has two alternate functions. It can be pro-  g,4nec information, see the October 1995 Microcontroller
grammed to input the external clock for Timer/Counter 2 or Data Book, page 2-49, section titled, “Serial Interface.”

to output a 50% duty cycle elock ranging from 61 Hz to 4
MHz at a 16 MHz operating frequency. . .
To configure the Timer/Counter 2 as a clock generator, bit Sena_l Peflpheral Interface .

C/T2 (T2CON.1) must be cleared and bit T20E (T2MOD.1)  The serial peripheral interface (SP!) allows high-speed syn-
must be set. Bit TR2 (T2CON.2) starts and stops the timer.  chronous data transfer between the AT89S8252 and

; ipheral devices or between several AT89S8252
The clock-out frequency depends on the oscillator fre-  PeTP §
quency and the reload value of Timer 2 capture registers devices. The AT8958252 SPI features include the follow-

(RCAP2H, RCAP2L), as shown in the following equation. ing:
* Full-Duplex, 3-Wire Synchronous Data Transfer
Clock Out Frequency = Oscillator Frequency * Master or Slave Operation

4 0065536 — RCAP2H,RCAP2L N « 1.5-MHz Bit Frequency (max.)
In the clock-out mode, Timer 2 rollovers will not generate LSB First or MSB Farst. Data Transfer

an interrupt. This behavior is similar to when Timer 2is  * Four Programmable Bit Rates

used as a baud-rate generator. It is possible to use Timer2  « End of Transmission Interrupt Flag

as a baud-rate generator and a clock generator simulta- . write Collision Flag Protection

neously. Note, however, that the baud-rate and clock-out .

frequencies cannot be determined independently from one Wakeup from Idle Mode (Slave Mode Only)
another since they both use RCAP2H and RCAP2L.

Figure 6. SPI Block Diagram
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The interconnection between master and slave CPUs with
SP1 is shown in the following figure. The SCK pin is the
clock output in the master mode but is the clock input in the
slave mode. Writing to the SPI data register of the master
CPU starts the SPI clock generator, and the data written
shifts out of the MOSI pin and into the MOSI pin of the
slave CPU. After shifting one byte, the SPI clock generator
stops, setting the end of transmission flag (SPIF). If both
the SPI interrupt enable bit (SPIE) and the serial port inter-
rupt enable bit (ES) are set, an interrupt is requested.

Figure 7. SPI Master-Slave Interconnection

MSB MASTER LSB

>

iMISO MISO!

8-BIT SHIFT REGISTER |——- o «’ 8-BIT SHIFT REGIST&W
R -~ MOSI_MOSE_,

isck

The Slave Select input, SS/P1.4, is set low to select an
individual SPI device as a slave. When SS/P1.4 is set high,
the SPI port is deactivated and the MOSI/P1.5 pin can be
used as an input.

There are four combinations of SCK phase and polarity
with respect to serial data, which are determined by control
bits CPHA and CPOL. The SPI data transfer formats are
shown in Figures 8 and 9.

MsB SLAVE LSB

SCKi

Figure 8. SP! transfer Format with CPHA = 0

SCK CYCLE #
(FOR REFERENCE)

SCK (CPOL=0)
SCK (CPOL=1)

MOSI
(FROM MASTER)

SPI
CLOCK GENERATOR g s &
S Ve b

MISO

(FROM SLAVE)
SS (TO SLAVE)

*Not defined but normally MSB of character just received

ANEL
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gure 9. SPI Transfer Format with CPHA = 1

SCKCYCLE #
(FOR REFERENCE)

SCK (CPOL=0)
SCK (CPOL=1)

MOS!

(FROM MASTER)

MISO
(FROM SLAVE)

SS (TO SLAVE)

Y
e

N

\lot defined but normaily LSB of previously transmitted character

nterrupts

he AT89S8252 has a total of six interrupt vectors: two
xternal interrupts (INTO and INT1), three timer interrupts
Timers 0, 1, and 2), and the serial port interrupt. These
rterrupts are all shown in Figure 10.

:ach of these interrupt sources can be individually enabled
r disabled by setting or clearing a bit in Special Function
tegister IE. IE also contains a global disable bit, EA, which
lisables all interrupts at once.

lote that Table 10 shows that bit position IE.6 is unimple-
nented. In the AT89C51, bit position IE.5 is also unimple-
nented. User software should not write 1s to these bit posi-
ions, since they may be used in future AT89 products.

rable 10. Interrupt Enable (IE) Register

(MSB) (LSB)
[ea [= [er2[es Jem [ext [ero [exo |
Enable Bit = 1 enables the interrupt.
Enable Bit = 0 disables the interrupt.

Symbol Position | Function
Disables all interrupts. If EA = 0, ro interrupt
EA E7 is acknowledged. If EA = 1, each interrupt
i source is individually enabled or disabled by
setting or clearing its enabie bit.
- IE.6 Reserved.
ET2 IE.5 Timer 2 interrupt enable bit.
ES IE.4 SP1 and UART interrupt enable bit.
ET1 IE3 Timer 1 interrupt enable bit.
EX1 IE.2 External interrupt 1 enable bit.
ETO (=] Timer O interrupt enable bit.
EX0 IE0 External interrupt 0 enable bit.

User software should never write ‘s to unimplemented bits, because
they may be used in future AT89 products.
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Timer 2 interrupt is generated by the logical OR of bits TF2
and EXF2 in register T2CON. Neither of these flags is
cleared by hardware when the service routine is vectored
to. In fact, the service routine may have to determine
whether it was TF2 or EXF2 that generated the interrupt,
and that bit will have to be cleared in software.

The Timer 0 and Timer 1 flags, TFO and TF1, are set at
S5P2 of the cycle in which the timers overflow. The values
are then polled by the circuitry in the next cycle. However,
the Timer 2 flag, TF2, is set at S2P2 and is polled in the
same cycle in which the timer overflows.

Figure 10. Interrupt Sources

et
i | {w]

L 1 Y U

BN

INT1

g T IEY
=

v

TF1

SPIF - e

TF2 -

EXF2 ----»-—-——D" Tt

AT 8'S 8252 0000000000000 S



Figure 11. Oscillator Connections

c2
I——)I—I— XTAL2
i |
¢t 1'
o ) XTAL
i
§ GND

Note:  Note: C1, C2 = 30 pF 010 pF for Crystals

= 40 pF 010 pF for Ceramic Resonators

Oscillator Characteristics

XTAL1 and XTAL2 are the input and output, respectively,
of an inverting amplifier that can be configured for use as
an on-chip oscillator, as shown in Figure 11. Either a quartz
crystal or ceramic resonator may be used. To drive the
device from an external clock source, XTAL2 should be left
unconnected while XTAL1 is driven, as shown in Figure 12.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

Idle Mode

In idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

Note that when idle mode is terminated by a hardware
reset, the device normally resumes program execution
from where it left off, up to two machine cycles before the

AT89S8252

Figure 12. External Clock Drive Configuration

NC ——————| XTAL2
EXTERNAL
OSCILLATOR — — ~—| XTAL1
SIGNAL
_L GND

internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when idle mode is termi-
nated by a reset, the instruction following the one that
invokes idle mode should not write to a port pin or to exter-
nal memory.

Power Down Mode

In the power down mode, the oscillator is stopped and the
instruction that invokes power down is the last instruction
executed. The on-chip RAM and Special Function Regis-
ters retain their values until the power down mode is termi-
nated. Exit from power down can be initiated either by a
hardware reset or by an enabled external interrupt. Reset
redefines the SFRs but does not change the on-chip RAM.
The reset should not be activated before V. is restored to
its normal operating level and must be held active long
enough to allow the oscillator to restart and stabilize.

To exit power down via an interrupt, the external interrupt
must be enabled as level sensitive before entering power
down. The interrupt service routine starts at 16 ms (nomi-
nal) after the enabled interrupt pin is activated.

Status of External Pins During Idle and Power Down Modes

AIMEL

Mode Program Memory ALE PSEN PORTO PORT1 i PORT2 PORT3

idle Internal 1 1 Data Data | Data Data

Idle ) External ) B 71 N 1 - Float | Abéta N 7 Aéjﬁd.rés-s Data

Power Down Internal 0 0 Data Data Data Data

Power Down External 0 0 Float Data Data Data
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Program Memory Lock Bits

The AT89S8252 has three lock bits that can be left unpro-
grammed (U) or can be programmed (P) to obtain the addi-
tional features listed in the following table.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random

Lock Bit Protection Modes(1)(2)

value and holds that value until reset is activated. The
latched value of EA must agree with the current logic level
at that pin in order for the device to function properly.

Once programmed, the lock bits can only be unpro-
grammed with the Chip Erase operations in either the par-
allel or serial modes.

Program Lock Bits Protection Type
LB1 | LB2 | LB3
U ) V) No internal memory lock feature.

2 P U v

MOVC instructions executed from external program memory are disabled from fetching code bytes
from internal memory. EA is sampled and latched on reset and further programming of the Flash
memory (parallel or serial mode) is disabled.

3| P P | U
4 | P | P | P

Same as Mode 2, but paralle! or serial verify are also disabled.
Same as Mode 3, but external execution is also disabled.

Notes: 1. U= Unprogrammed

2. P =Programmed

Programming the Flash and EEPROM

Atmel's AT89S8252 Flash Microcontroller offers 8K bytes
of in-system reprogrammable Flash Code memory and 2K
bytes of EEPROM Data memory.

The AT89S58252 is normally shipped with the on-chip Flash
Code and EEPROM Data memory arrays in the erased
state (i.e. contents = FFH) and ready to be programmed.
This device supports a High-Voltage (12V) Parallel pro-
gramming mode and a Low-Voltage (5V) Serial program-
ming mode. The serial programming mode provides a con-
venient way to download the AT89S8252 inside the user's
system. The parallel programming mode is compatible with
conventional third party Flash or EPROM programmers.

The Code and Data memory arrays are mapped via sepa-
rate address spaces in the serial programming mode. In
the parallel programming mode, the two arrays occupy one
contiguous address space: 0000H to 1FFFH for the Code
array and 2000H to 27FFH for the Data array.

The Code and Data memory arrays on the AT89S8252 are
programmed byte-by-byte in either programming mode. An
auto-erase cycle is provided with the self-timed program-
ming operation in the serial programming mode. There is
no need to perform the Chip Erase operation to reprogram
any memory location in the serial programming mode
unless any of the lock bits have been programmed.

In the parallel programming mode, there is no auto-erase
cycle. To reprogram any non-blank byte, the user needs to
use the Chip Erase operation first to erase both arrays.
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Parallel Programming Algorithm
To program and verify the AT89S8252 in the parallel pro-
gramming mode, the following sequence is recommended:

1. Power-up sequence:
Apply power between V¢ and GND pins.
Set RST pin to “H".
Apply a 3 MHz to 24 MHz clock to XTAL1 pin and wait
for at least 10 milliseconds.
2. Set PSEN pin to “L"
ALE pin to "H"
EA pin to “H" and all other pins to “H".
3. Apply the appropriate combination of “H” or “L" logic
levels to pins P2.6, P2.7, P3.6, P3.7 to select one of the

programming operations shown in the Flash Program-
ming Modes table.

4. Apply the desired byte address to pins P1.0 to P1.7
and P2.0 to P2.5.

Apply data to pins P0.0 to P0.7 for Write Code opera-
tion.

5. Raise EA/Vpp to 12V to enable Flash programming,
erase or verification.

6. Pulse ALE/PROG once to program a byte in the Code
memory array, the Data memory array or the lock bits.
The byte-write cycle is self-timed and typically takes
1.5 ms.

7. To verify the byte just programmed, bring pin P2.7 to
“L" and read the programmed data at pins P0.0 to P0.7.

AT89S8252 messsssesssssss——————
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8. Repeat steps 3 through 7 changing the address and
data for the entire 2K or 8K bytes array or until the end
of the object file is reached.

9. Power-off sequence:
Set XTAL1 to “L".
Set RST and EA pins to “L".
Turn Vg power off.

in the parallel programming mode, there is no auto-erase
cycle and to reprogram any non-blank byte, the user needs
to use the Chip Erase operation first to erase both arrays.

DATA Polling

The AT89S8252 features DATA Polling to indicate the end
of a write cycle. During a write cycle in the parallel or serial
programming mode, an attempted read of the last byte writ-
ten will result in the complement of the written datum on
P0.7 (paralle! mode), and on the MSB of the serial output
byte on MISO (serial mode). Once the write cycle has been
completed, true data are valid on all outputs, and the next
cycle may begin. DATA Polling may begin any time after a
write cycle has been initiated.

Ready/Busy

The progress of byte programming in the parallel program-
ming mode can also be monitored by the RDY/BSY output
signal. Pin P3.4 is pulled Low after ALE goes High during
programming to indicate BUSY. P3.4 is pulled High again
when programming is done to indicate READY.

Program Verify

If lock bits LB1 and LB2 have not been programmed, the
programmed Code or Data byte can be read back via the
address and data lines for verification. The state of the lock
bits can also be verified directly in the parallel programming
mode. In the serial programming mode, the state of the lock
bits can only be verified indirectly by observing that the lock
bit features are enabled.

Chip Erase

Both Flash and EEPROM arrays are erased electrically at
the same time. In the parallel programming mode, chip
erase is initiated by using the proper combination of control
signals and by holding ALE/PROG low for 10 ms. The
Code and Data arrays are written with all “1”s in the Chip
Erase operation.

In the serial programming mode, a chip erase operation is
initiated by issuing the Chip Erase instruction. In this mode,
chip erase is self-timed and takes about 16 ms.

During chip erase, a serial read from any address location
will return OCH at the data outputs.

AIMEL

Serial Programming Fuse

A programmable fuse is available to disable Serial Pro-
gramming if the user needs maximum system security. The
Serial Programming Fuse can only be programmed or
erased in the Parallel Programming Mode.

The AT8958252 is shipped with the Serial Programming
Mode enabled.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H and 031H, except that P3.6 and P3.7 must
be pulled to a logic low. The values returned are as follows:

(030H) = 1EH indicates manufactured by Atmel
(031H) = 72H indicates 8958252

Programming Interface

Every code byte in the Flash and EEPROM arrays can be
written, and the entire array can be erased, by using the
appropriate combination of control signals. The write oper-
ation cycle is self-timed and once initiated, will automati-
cally time itself to completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.

Serial Downloading

Both the Code and Data memory arrays can be pro-
grammed using the serial SPI bus while RST is pulled to
Ve The serial interface consists of pins SCK, MOSI (input)
and MISO (output). After RST is set high, the Programming
Enable instruction needs to be executed first before pro-
gram/erase operations can be executed.

An auto-erase cycle is built into the self-timed programming
operation (in the serial mode ONLY) and there is no need
to first execute the Chip Erase instruction unless any of the
lock bits have been programmed. The Chip Erase opera-
tion turns the content of every memory location in both the
Code and Data arrays into FFH.

The Code and Data memory arrays have separate address
spaces:

00O00H to 1FFFH for Code memory and 000H to 7FFH for
Data memory.

Either an external system clock is supplied at pin XTAL1 or
a crystal needs to be connected across pins XTAL1 and
XTAL2. The maximum serial clock (SCK) frequency should
be less than 1/40 of the crystal frequency. With a 24 MHz
oscillator clock, the maximum SCK frequency is 600 kHz.
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Serial Programming Algorithm

To program and verify the AT89S8252 in the serial pro-

gramming mode, the following sequence is recommended:

1. Power-up sequence:

Apply power between V¢ and GND pins.

Set RST pin to “H".

If a crystal is not connected across pins XTAL1 and
XTAL2, apply a 3 MHz to 24 MHz clock to XTAL1 pin
and wait for at least 10 milliseconds.

2. Enable serial programming by sending the Program-
ming Enable serial instruction to pin MOSI/P1.5. The
frequency of the shift clock supplied at pin SCK/P1.7
needs to be less than the CPU clock at XTAL1 divided
by 40.

3. The Code or Data array is programmed one byte at a
time by supplying the address$ and data together with
the appropriate Write instruction. The selected memory
location is first automatically erased before new data is

Instruction Set

written. The write cycle is self-timed and typically takes
less than 2.5 ms at 5V.

4. Any memory location can be verified by using the Read
instruction which returns the content at the selected
address at serial output MISO/P1.6.

5. At the end of a programming session, RST can be set
low to commence normal operation.

Power-off sequence (if needed):
Set XTAL1 to “L” (if a crystal is not used).
Set RST to “L".
Turn Vg power off.

Serial Programming Instruction
The Instruction Set for Serial Programming follows a 3-byte
protocol and is shown in the following table:

Instruction Input Format Operation
Byte 1 Byte 2 Byte 3
) Programming Enablg 10101100 | 01010011 | xxxxxxxx | Enable serial programming interface after RST goes high.

Chip Erase 1010 1100 xxxx x100 xxxx xxxx | Chip erase both 8K & 2K memory arrays.

Read Code Memory aaaa a001 low addr xxxx xxxx | Read data from Code memory array at the selected address.
The 5 MSBs of the first byte are the high order address bits.
The low order address bits are in the second byte. Data are
available at pin MISO during the third byte.

Write Code Memory aaaa a010 low addr datain Write data to Code memory location at selected address. The
address bits are the 5 MSBs of the first byte together with the

B second byte. 7 - : 7

Read Data Memory 00aa a101 low addr Xxxx xxxx | Read data from Data memory array at selected address. Data
are available at pin MISO during the third byte.

Write Data Memory 00aa a110 low addr data in Write data to Data memory location at selected address. o

Write Lock Bits 1010 1100 | ZARxx111 | xxxx xxxx | Write lock bits.

- Set LB1, LB2 or LB3 = “0" to program lock bits.

Notes: 1. DAITA polling is used to indicate the end of a write cycle which typically takes less than 2.5 ms at 5V.
2. “aaaaa” = high order address.
3. “X" =don't care.
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Flash and EEPROM Paraliel Programming Modes

Data I/0 Address
Mode RST | PSEN | ALE/PROG | EANVpp | P26 | P2.7 | P36 | P3.7 | PO.7:0 | P2.5:0 P1.7:0
Serial Prog. Modes H (Y h(" x
Chip Erase Hl L=~ ~®) v | m| L] L] ¢ X X
Write (10K bytes) Memory H L |~ 12v H H H DIN ADDR
Read (10K bytes) Memory H L H 12v L H H DouT ADDR
Write Lock Blts: H L (™~ 12v H L H L DIN X
Bit- 1 P0.7=0 X
Bit- 2 P0.6= 0 X
Bit- 3 P0.5=0 X
Read Lock Bits: H L H 12v H H L L pouT X
Bit - 1 @Po0.2 X
Bit- 2 @P0.1 X
Bit-3 @P0.0 X
Read Atme! Code H L H 12v L L L DOUT 30H
Read Device Code H L 12v L L L pouT 31H
Serial Prog. Enable H L@ 12v H L H | P0.0=0 X
Serial Prog. Disable H L |2 12v H L H | P0.O=1 X
Read Serial Prog. Fuse H L H 12V H H L H | @Poo X

Notes: 1.

“h" = weakly pulled “High" internally.

2. Chip Erase and Serial Programming Fuse require a 10-ms PROG pulse. Chip Erase needs to be performed first before
reprogramming any byte with a content other than FFH.

3. P3.4is pulled Low during programming to indicate RDY/BSY,

4. “X" =don't care

AImEY
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Figure 14. Programming the Flash/EEPROM Memory Figure 15. Flash/EEPROM Serial Downloading

+5V +4.0V 10 6.0V
AT8958252 j) AT89S8252 o
ADpR, A0 - A7) o Vee — Vee
0000H/27FFH P2.0 - P25 PO |e PGM
A8 - A13]| ’ DATA
INSTRUCTION
SEE FLASH ——»] P26 ALE la SRE INPUT » P1.5MOSI
FLA T < P1.6/MISO
PROGRAMMING » P27 DATA OUTPUT
MODES TABLE \ -——»| P3.6 CLOCK IN » P1.7/SCK
-—1»| P37
———I————— XTAL2 EA |€-— V,, 'Y XTAL2
3-24 MHz| 3-24 MHz__ -
] °
XTAL1 RST |¢—— Vv, ° XTAL1 RST Vi
GND PSEN ' ™ GND

|l||

1

Figure 16. Verifying the Flash/EEPROM Memory

+5V
AT89S8252 T
ADDR. L5 py Ve PGM DATA
0000H/27FFH
P20 - P25 PO [-» (USE 10K
A8 - A13 PULLUPS)
—» P26 ALE |le Y
SEE FLASH | — | P27 "
PROGRAMMINGY ___| b’
MODES TABLE :
——1p{ P37
| XTAL2 EA [« Vep
3-24 MHz L
3
XTAL1 RST |¢— Vi
GND PSEN —1
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Flash Programming and Verification Characteristics-Parallel Mode

Ta=0°C to 70°C, Vg = 5.0V D10%

AIMEL

Symbol | Parameter Min Max Units

Vpp Programming Enable Voltage 11.5 125 Y

lpp Programming Enable Current ) e 10 mA a

Moo Oscillator Frequency 3 24 1 MHz

taveL Address Setup to PROG Low 48tg L !

taHAx Address Hold After PROG “48tc oL

toveL Data Setup to PROG Low 48tey o

taHDX Data Hold After PROG 48t oL

teHsH P2.7 (ENABLE) High to Vpp 48t oL

tsHaL Vpp Setup to PROG Low 10 s

teLgH PROG Width 1 10 ! o

tavav Address to Data Valid 48ty |

teLqv ENABLE Low to Data Valid 48tc ¢,

tenaz Data Float After ENABLE 0 48t o

temBL PROG High to BUSY Low 1.0 s

twe Byte Write Cycle Time 20 ms ]
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Flash/EEPROM Programming and Verification Waveforms - Parallel Mode

P10 - P1.7
P2.0 - P2.5

PORT 0O

ALE/PROG

EANpp

P2.7
(ENABLE)

P3.4
(RDY/BSY)

Serial Downloading Waveforms

4-128

 PROGRAMMING | VERIFICATION
ADDRESS e 1 ADDRESS >
<ty
(DA < oATA OUT |
L tover  tomox < ™ J
taveL [ « ! toHax
N ke .
t 4 -
SHGL ‘ tGLGH »
g S T
”’ " e gy > < * lewaz
_ B
‘ _—
' toveL * ]‘
- - L BUSY < READY B
twe >
SERIAL CLOCK INPUT
SCK/P1.7 Ty ramnmn
7.6 5 4.3 2 1 0
SERIAL DATA INPUT ' '
MOSI/P1.5 ",,A,IM__SBII_ L T N iLs8|
SERIAL DATA OUTPUT |
MISO/P1.6 imsel__ || | | | |Ls8|
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Absolute Maximum Ratings*

DC Characteristics

The values shown in this table are valid for T, = -40°C to 85°C and V¢ = 5.0V 020%, unless otherwise noted.

Operating Temperature.............ccoueuner -55°C to +125°C *NOTICE: Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

Storage Temperature -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

Voltage on Any Pin other conditions beyond those indicated in the

with Respect to Ground -1.0Vto +7.0V operational sections of this specification is not

. implied. Exposure to absolute maximum rating

Maximum Operating Voltage...............cccccuu.n.... 6.6V conditions for extended periods may affect device
reliabitity.

DC Output CUITENL.........ccevereererrerecreereeaesesssnesens 15.0 mA

Symbol | Parameter Condition Min Max Units
Vi input Low Voltage (Except EA) -0.5 0.2 Ve -0.1 v
Viut Input Low Voltage (—EK) -0.5 0.2 Vcc -03 \Y
le Input High Voltage (Except XTAL1, RST) 0.2 Vee +0.9 VCC +0.5 \'
Vine Input High Voltage (XTAL1, RST) 07Vee | Vgc+05 v
Output Low Voltage (! _
VoL (Ports 1.2.3) loL = 1.6 mA | 0.5 Y |
Output Low Voltage (") |
Vo1 (P';tr‘: oLAE 'P‘s‘égﬁ) lo = 3.2 mA 0.5 Y,
o low = -60 1A, Ve = 5V N10% 24 v
Output High Voltage . T
Vo (Por‘:s 125 ALE,Q““‘PSEN) lon =-25 LA 0.75 Vee v
lop=-10 TA 0.9 Vce ! ' \
lon = -800 1A, Ve = 5V 1110% 2.4 ! Y
Output High Voltage ~ ann a7 : R
Von (Port 0 in External Bus Mode) lon =-300 CA 0.78 Vee i V.
B o 7 lon = -80 DA 09Vee | Y
h Logical O Input Current (Ports 1,2,3) Vin = 0.45V | -50 A
I Logical 1 to 0 Transition Current (Ports 1,2,3) | Vi =2V, Ve = 5V 010% ! -650 CA
I (ot G okage Current 0.45 < Vjy < Vcc oo oA
RRST Reset Pulldown Resistor 50 300 KO
Cio Pin Capacitance Test Freg. = 1 MHz, Ty = 25°C 7 10 pF
Active Mode, 12 MHz 25 mA
Power Supply Current -
| Idle Mode, 12 MHz i 6.5 mA
cc
Veg =6V 100 . CA
Power Down Mode ) ...cC - - R R i EEE
Vcc =3V 40 CA
Notes: 1. Under steady state (non-transient) conditions, I, Maximum total Ig for all output pins: 71 mA

must be externally limited as follows:
Maximum lg)_ per port pin: 10 mA
Maximum lg, per 8-bit port:

Port 0: 26 mA

Ports 1, 2, 3: 15 mA

AlMEL

If 5, exceeds the test condition, Vo, may exceed the
related specification. Pins are not guaranteed to sink
current greater than the listed test conditions.

Minimum V¢ for Power Down is 2V
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Compatible with MCS-51™ Products

4K Bytes of In-System Reprogrammable Flash Memory
— Endurance: 1,000 Write/Erase Cycles

Fully Static Operation: 0 Hz to 24 MHz

Three-level Program Memory Lock

128 x 8-bit Internal RAM

32 Programmable /O Lines

Two 16-bit Timer/Counters

Six Interrupt Sources

Programmable Serial Channel

Low-power ldle and Power-down Modes

escription

e AT89C51 is a low-power, high-performance CMOS 8-bit microcomputer with 4K
tes of Flash programmable and erasable read only memory (PEROM). The device
manufactured using Atmel's high-density nonvolatile memory technology and is
mpatible with the industry-standard MCS-51 instruction set and pinout. The on-chip
ash allows the program memory to be reprogrammed in-system or by a conven-
nal nonvolatile memory programmer. By combining a versatile 8-bit CPU with Flash
1 a monolithic chip, the Atmel AT89C51 is a powerful microcomputer which provides
nighly-flexible and cost-effective solution to many embedded control applications.

in Configurations PDIP
prof] a0f1vee
Pra]2 3911 P0.0 (ADD)
P1.20]3 38{1P0.1 (AD1)
P304 37{1P0.2 (AD2)
PraLC]s 36 [1 P0.3 (AD3)
PL5C]6 35[1P0.4 (AD)
P1.6L]7 34[71POS (ADS)
Pi70]8 33[1P0.6 (ADS)
RsT({o 32{1P0.7 (ADT)
PQFP/TQFP [RXD) P30 ] 10 311 EAVPR
(TXD) P31 [ 11 30| ALEPROG
5 scas (NTOy P32 12 29[1PSEN
ko 8688 (NT1)P33C]13 28[1P27 (A15)
ek L2 (To) P34 14 27{1P2.6 (A14)
Tadsa,R2nae mP3sc]1s 2511P2‘5:A|3)
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lock Diagram
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! REGISTER RAM LATCH LATCH FLASH H
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! 4 4 '
: A :
: PROGRAM '
: B STACK '
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H \4 E
< BUFFER :
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H PC )
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: PSW COUNTER :
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A/ Ve —TP| CONTROL | REGISTER :
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PORT 1 PORT 3
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e AT89C51 provides the following standard features: 4K
tes of Flash, 128 bytes of RAM, 32 I/O lines, two 16-bit
1ier/counters, a five vector two-level interrupt architecture,
‘ull duplex serial port, on-chip oscillator and clock cir-
itry. In addition, the AT83C51 is designed with static logic
* operation down to zero frequency and supports two
ftware selectable power saving modes. The ldle Mode
)ps the CPU while allowing the RAM, timer/counters,
rial port and interrupt system to continue functioning. The
wer-down Mode saves the RAM contents but freezes
> oscillator disabling all other chip functions until the next
rdware reset.

in Description

,C
ipply voltage.

D
ound.

rt 0

irt 0 is an 8-bit open-drain bi-directional I/0 port. As an
tput port, each pin can sink eight TTL inputs. When 1s
3 written to port 0 pins, the pins can be used as high-
pedance inputs.

irt 0 may also be configured to be the multiplexed low-
Jer address/data bus during accesses to external pro-
am and data memory. In this mode PO has internal
llups.

rt 0 also receives the code bytes during Flash program-
ng, and outputs the code bytes during program
rification. External pullups are required during program
rification.

rt 1

it 1 is an 8-bit bi-directional I/0 port with internal pullups.
e Port 1 output buffers can sink/source four TTL inputs.
hen 1s are written to Port 1 pins they are pulled high by
2 intemal pullups and can be used as inputs. As inputs,
it 1 pins that are externally being pulled low will source
rrent (I, ) because of the internal pullups.

wt 1 also receives the low-order address bytes during
ish programming and verification.

rt2

irt 2 is an 8-bit bi-directional 1/0 port with internal pullups.
e Port 2 output buffers can sink/source four TTL inputs.
hen 1s are written to Port 2 pins they are pulled high by
3 internal pullups and can be used as inputs. As inputs,

AT89C51

Port 2 pins that are externally being pulled low will source
current (1) because of the internal pullups.

Port 2 emits the high-order address byte during fetches
from external program memory and during accesses to
external data memory that use 16-bit addresses (MOVX @
DPTR). In this application, it uses strong internal puliups
when emitting 1s. During accesses to external data mem-
ory that use 8-bit addresses (MOVX @ RY), Port 2 emits the
contents of the P2 Special Function Register.

Port 2 also receives the high-order address bits and some
control signals during Flash pregramming and verification.

Port3

Port 3 is an 8-bit bi-directional I/O port with internal pullups.
The Port 3 output buffers can sink/source four TTL inputs.
When 1s are written to Port 3 pins they are pulled high by
the internal pullups and can be used as inputs. As inputs,
Port 3 pins that are externally being pulied low will source
current (l, ) because of the pullups.

Port 3 also serves the functions of various special features
of the AT89C51 as listed below:

Port Pin Alternate Functions

P3.0 RXD (serial input port)

P3.1 | TXD (serial output port)

P3.2 INTO (external interrupt 0) L
7#3.3 W (external interrupt i)

P3.4 ! TO (timer 0 external input)

P3.5 T1 (timer 1 external input) o
P36 WR (exteﬁkal data memory write strobe)

P37 RD (external data memory read strobe)

Port 3 also receives some control signals for Flash pro-
gramming and verification.

RST

Reset input. A high on this pin for two machine cycles while
the oscillator is running resets the device.

ALE/PROG

Address Latch Enable output pulse for latching the low byte
of the address during accesses to external memory. This
pin is also the program pulse input (PROG) during Flash
programming.

In normal operation ALE is emitted at a constant rate of 1/6
the oscillator frequency, and may be used for external tim-
ing or clocking purposes. Note, however, that one ALE
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Ise is skipped during each access to external Data
amory.

lesired, ALE operation can be disabled by setting bit 0 of
‘R location 8EH. With the bit set, ALE is active only dur-
J a MOVX or MOVC instruction. Otherwise, the pin is
rakly pulled high. Setting the ALE-disable bit has no
ect if the microcontroller is in external execution mode.

EN
ogram Store Enable is the read strobe to external pro-
am memory.

hen the AT89C51 is executing code from external pro-
am memory, PSEN is activated twice each machine
cle, except that two PSEN activations are skipped during
ch access to external data memory.

UVPP

ternal Access Enable. EA must be strapped to GND in
Jer to enable the device to fetch code from external pro-
am memory locations starting at 0000H up to FFFFH.
'te, however, that if lock bit 1 is programmed, EA will be
ernally latched on reset.

\ should be strapped to V¢ for internal program
ecutions.

is pin also receives the 12-volt programming enable voit-
e (Vpp) during Flash programming, for parts that require
-volt Vpp.

‘AL1

sut to the inverting oscillator amplifier and input to the
ernal clock operating circuit.

‘AL2
itput from the inverting oscillator amplifier.

scillator Characteristics

"AL1 and XTAL2 are the input and output, respectively,
an inverting amplifier which can be configured for use as
on-chip oscillator, as shown in Figure 1. Either a quartz
ystal or ceramic resonator may be used. To drive the
vice from an external clock source, XTAL2 should be left

unconnected while XTAL1 is driven as shown in Figure 2.
There are no requirements on the duty cycle of the external
clock signal, since the input to the internal clocking circuitry
is through a divide-by-two flip-flop, but minimum and maxi-
mum voltage high and low time specifications must be
observed.

idle Mode

in idle mode, the CPU puts itself to sleep while all the on-
chip peripherals remain active. The mode is invoked by
software. The content of the on-chip RAM and all the spe-
cial functions registers remain unchanged during this
mode. The idle mode can be terminated by any enabled
interrupt or by a hardware reset.

it should be noted that when idle is terminated by a hard
ware reset, the device normally resumes program execu-
tion, from where it left off, up to two machine cycles before
the internal reset algorithm takes control. On-chip hardware
inhibits access to internal RAM in this event, but access to
the port pins is not inhibited. To eliminate the possibility of
an unexpected write to a port pin when ldle is terminated by
reset, the instruction following the one that invokes ldle
should not be one that writes to a port pin or to external
memory.

Figure 1. Oscillator Connections

cz
~-~)|—W~~T——~ XTAL2
[ ]
c1
&) — -@—— XTAL1
I ™

Note: C1,C2 =30 pF * 10 pF for Crystals

= 40 pF + 10 pF for Ceramic Resonators

tatus of External Pins During Idle and Power-down Modes

lode ! Program Memory ALE PSEN PORTO PORT1 PORT2 PORT3
e Internal 1 1 Data Data Data Data
lle External 1 1 Float Data Address Data
'ower-down ! Internal o 0 Data Data Data Data
'ower-down 1 External 0 0 Float Data Data Data

AT89C51




jure 2. External Clock Drive Configuration

NC ——— XTAL2
EXTERNAL

OSCILLATOR —————| XTAL1
SIGNAL

ower-down Mode

the power-down made, the oscillator is stopped, and the
itruction that invokes power-down is the last instruction
ecuted. The on-chip RAM and Special Function Regis-

yck Bit Protection Modes

AT89C51

ters retain their values until the power-down mode is
terminated. The only exit from power-down is a hardware
reset. Reset redefines the SFRs but does not change the
on-chip RAM. The reset should not be activated before V¢
is restored to its normal operating level and must be held
active long enough to allow the oscillator to restart and
stabilize.

Program Memory Lock Bits

On the chip are three lock bits which can be left unpro-
grammed (U) or can be programmed (P) to obtain the
additional features listed in the table below.

When lock bit 1 is programmed, the logic level at the EA pin
is sampled and latched during reset. If the device is pow-
ered up without a reset, the latch initializes to a random
value, and holds that value until reset is activated. It is nec-
essary that the latched value of EA be in agreement with
the current logic level at that pin in order for the device to
function properly.

Program Lock Bits

LB1 LB2 LB3 Protection Type
1 U u u No program lock features
2 P U U MOVC instructions executed from external program memory are disabled from

fetching code bytes from internal memory, EA is sampled and latched on reset,
and further programming of the Flash is disabled

P 1 P 7 U Same as mode 2, also verify is disabled

P P P Same as mode 3, also external execution is disabled

AIMEL 5
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rogramming the Flash

1e AT89C51 is normally shipped with the on-chip Flash
emory array in the erased state (that is, contents = FFH)
id ready to be programmed. The programming interface
;cepts either a high-voltage (12-volt) or a low-voltage
‘cc) program enable signal. The low-voltage program-
ing mode provides a convenient way to program the
rg9Cs1 inside the user's system, while the high-voltage
ogramming mode is compatible with conventional third-
irty Flash or EPROM programmers.

1e AT89C51 is shipped with either the high-voltage or
w-voltage programming mode enabled. The respective
p-side marking and device signature codes are listed in
e following table.

Vpp =12V Vpp=5V
'op-Side Mark AT89C51 AT89C51

XXXX XXXx-5

yyww yyww
signature (030H) = 1EH (030H) = 1EH

(031H) =51H (031H) =51H

(032H) =F FH (032H) = 05H

1e AT83C51 code memory array is programmed byte-by-
te in either programming mode. To program any non-
ank byte in the on-chip Flash Memory, the entire memory
ust be erased using the Chip Erase Mode.

‘ogramming Algorithm: Before programming the
r89C51, the address, data and control signals should be
t up according to the Flash programming mode table and
gure 3 and Figure 4. To program the AT89C51, take the
lowing steps.
Input the desired memory location on the address
lines.
Input the appropriate data byte on the data lines.
Activate the correct combination of control signals.

Raise EA/Vpp to 12V for the high-voltage program-
ming mode.

Pulse ALE/PROG once to program a byte in the
Flash array or the lock bits. The byte-write cycle is
self-timed and typically takes no more than 1.5 ms.
Repeat steps 1 through 5, changing the address

AT89C51

and data for the entire array or until the end of the
object file is reached.

Data Polling: The AT89C51 features Data Polling to indi-
cate the end of a write cycle. During a write cycle, an
attempted read of the last byte written will result in the com-
plement of the written datum on PO.7. Once the write cycle
has been completed, true data are valid on all outputs, and
the next cycle may begin. Data Polling may begin any time
after a write cycle has been initiated.

Ready/Busy: The progress of byte programming can also
be monitored by the RDY/BSY output signal. P3.4 is pulled
low after ALE goes high during programming to indicate
BUSY. P3.4 is pulled high again when programming is
done to indicate READY.

Program Verify: If lock bits LB1 and LB2 have not been
programmed, the programmed code data can be read back
via the address and data lines for verification. The lock bits
cannot be verified directly. Verification of the lock bits is
achieved by observing that their features are enabled.

Chip Erase: The entire Flash array is erased electrically
by using the proper combination of control signals and by
holding ALE/PROG low for 10 ms. The code array is written
with all “1”s. The chip erase operation must be executed
before the code memory can be re-programmed.

Reading the Signature Bytes: The signature bytes are
read by the same procedure as a normal verification of
locations 030H, 031H, and 032H, except that P3.6 and
P3.7 must be pulied to a logic low. The values returned are
as follows.

(030H) = 1EH indicates manufactured by Atmel
(031H) = 51H indicates 89C51

{032H) = FFH indicates 12V programming
(032H) = 05H indicates 5V programming

Programming Interface

Every code byte in the Flash array can be written and the
entire array can be erased by using the appropriate combi-
nation of control signals. The write operation cycle is self-
timed and once initiated, will automatically time itself to
completion.

All major programming vendors offer worldwide support for
the Atmel microcontroller series. Please contact your local
programming vendor for the appropriate software revision.




lash Programming Modes

AT89C51

fode RST PSEN ALE/PROG EANp, | P26 | P27 | P36 | P37
Vrite Code Data H L HA12v L H H H
—~_
lead Code Data H H H L L H H
Vrite Lock Bit - 1 H H/12Vv H H
—~
Bit-2 H L H/12v H H L L
~__
Bit-3 H L H/12v H L H L
—~
hip Erase H L W | wv | v oL L L
—~_
lead Signature Byte H L H H L L L L
te: 1. Chip Erase requires a 10 ms PROG pulse.
gure 3. Programming the Flash Figure 4. Verifying the Flash
+5V +5V
AT83C51 AT89C51
apDR. A0 A7 b, Vec ‘] AopR. 20~ A7 ) by Veo —]PGM -
OCOOH/OFFFH 0000
P20 - P23 PO |¢&—— gg.m HIOFFFH P20 - P23 PO |- (USE 10K
A8 - AN A8 - A1l PULLUPS)
——» P26 —»} P26
SEE FLASH —» P27 ALE l¢—— PROG SEE FLASH —» P27 ALE e
SROGRAMMING PROGRAMMING
MODES TABLE | —¥ P36 MODES TABLE | —¥| P36 ov
- 3 P37 ——p P37 "
—e——| XTAL2 EA r— Vil Vep T—— XTAL2 EA le
324 MHz | 324 MHz |
- -
XTAL1 RST |¢— V,, XTAL1 RST
GND PSEN GND PSEN

AIMEL
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lash Programming and Verification Waveforms - High-voltage Mode (Vpp = 12V)

P10 - P1.7 PROGRAMMING VERIFICATION
. - . \
[+ tavav
PORT 0 ¢ DATA IN D  DATA OUT P—————
<> tvar  leHox (¢
taveL [¢ * taHAx
ALE/PROG Y
R M S
- - oA Ve
EANgp — " Twewcoe ____ ___
le— { —_ t
P2.7 EneH teqv — T enaz
(ENABLE)
tareL —* —
P34
(RDY/BSY) BUSY READY
twe

lash Programming and Verification Waveforms - Low-voltage Mode (Vpp = 5V)

P10 - P1.7 PROGRAMMING VERIFICATION
P20 - P23 ADDRESS ﬂ ADDRESS
+— tavav
PORT 0 L DATA IN DATA OUT p—m——
tover  terHox [«
tavaL < taHax
ALE/PROG N
fswaL [+ et
_ LOGIC 1
EANp 1 wo@ico | ________
—t
P2.7 EHSH terqy -~ L_ tenaz
(ENABLE)
o taHeL —
34
(RDY/BSY) BUSY READY
twe

AT89C51




lash Programming and Verification Characteristics
=0°C1070°C, Vo =5.0 £ 10%

AT89C51

symbol Parameter Min Max Units
lopt" | Programming Enable Voltage 115 12.5 v
ppt" ‘E Programming Enable Current 1.0 mA
|RoreL i Oscillator Frequency 3 24 MHz
AVGL Address Setup to PROG Low 48tc o)

GHAX Address Hold After PROG 48tg o

oveL | Data Setup to PROG Low - hww*ﬂdaﬁtdcc | o

GHDX Data Hold After PROG 48tg oL

EHSH P2.7 (ENABLE) High to Vpp 48t

SHOL Vpp Setup to PROG Low 10 us
ons'” Vpp Hold After PROG 10 us
aLam PROG Width 1 110 us
tavav Address to Data Valid 48tc o1

teLav ENABLE Low to Data Valid 48te oL

lewaz Data Float After ENABLE 0 48tgi o

— PROG High to BUSY Low 1.0 ps
twe | Byte Write Cycle Time 2.0 ms

ote: 1. Only used in 12-voit programming mode.

AIMEL




AIMEL

bsolute Maximum Ratings*

)perating Temperature -55°C to +125°C *NOTICE:  Stresses beyond those listed under “Absolute
Maximum Ratings” may cause permanent dam-

itorage Temperature -65°C to +150°C age to the device. This is a stress rating only and
functional operation of the device at these or any

oltage on Any Pin other conditions beyond those indicated in the

fith Respect to Ground....... -1.0V to +7.0V operational sections of this specification is not
implied. Exposure to absolute maximum rating

laximum Operating Voltage 6.6V conditions for extended periods may affect device
reliability.

'C Output Current 15.0 mA

C Characteristics
= -40°C to 85°C, V¢ = 5.0V + 20% (unless otherwise noted)

ymbol Parameter Condition Min ! Max Units
L Input Low-voltage (Except EA) 05 | 0.2Vge-0.1 v
L Input Low-voltage (EA) 0.5 0.2V~ 0.3 v
" Input High-voltage (Except XTAL1, RST) 0.2V +0.9 Vee+ 0.5 v
w | mputHighvorage | ALLRST) | 07Ve |  Vec#05 |V
oL Qutput Low-voltage'" (Ports 1,2,3) loL=1.6 mA 0.45 \'
ous g,i's‘g'f,‘_”égfsag—::; ) oo = 3.2 mA 045 v
lon = -60 PA, Ve = 5V £ 10% 2.4 v
oH %3:'32'?;'2‘;}'29%) lon = -25 pA 0.75 Ve v
I Io,.! =-10pA ) , B 0',9 Vcc k o e v N
B | lou=-800pA Vc=5VEi0% | 24 | v
lon = -80 JA 0.9 Ve ! v
Logical 0 Input Current (Ports 1,2.3) | Vi = 0.45V -50 | pA
. (ngr‘f:; ?23)0 Transition Curront Vi = 2V, VCC = 5V + 10% -650 L pA
) Input Leakage Current (Port 0, EA) 0.45 < Vyy < Ve +10 pA
RST | ResetPuldownResisor | | s | 30 | ka
0 Pin Capacitance Test Freq. = 1 MHz, Ty = 25°C 10 pF
Active Mode, 12 MHz 20 mA
Power Supply Current
tdle Mode, 12 MHz 5 mA
c
Power-down Mode® Voo = 8V 1% i
Vee =3V 40 HA

tes: 1. Under steady state (non-transient) conditions, lg_ must be externally limited as follows:
Maximum I, per port pin: 10 mA
Maximum g, per 8-bit port: Port 0: 26 mA
Ports 1, 2, 3: 15 mA
Maximum total I _for all output pins: 71 mA
If I, exceeds the test condition, Vo, may exceed the related specification. Pins are not guaranteed to sink current greater
than the listed test conditions.
2. Minimum V¢ for Power-down is 2V.

| AT89C51
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C Characteristics

der operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all other

tputs = 80 pF.

xternal Program and Data Memory Characteristics

12 MHz Oscillator 16 to 24 MHz Oscillator
ymbol Parameter Min Max Min Max Units
ReLeL Oscillator Frequency 0 24 MHz
HLL ALE Pulse Width 127 2t 40 ns
VLL Address Valid to ALE Low 43 toc-13 ns
LAX Address Hold After ALE Low 48 toLc-20 ns
L ALE Low to Valid Instruction In 233 4t o -65 ns
™ ALE Low to PSEN Low 43 too-13 ns
LPH PSEN Pulse Width 205 3t -20 ns
v PSEN Low to Valid Instruction In 145 3tci 45 ns
XIX Input Instruction Hold After PSEN 0 ! 0 ns
Xz Input Instruction Float After PSEN 59 tee-10 ns
XAV PSEN to Address Valid 75 toc8 ns
VIV Address to Valid Instruction In | 312 StcLcL-55 ns
LAZ PSEN Low to Address Float 10 10 ns
LRH RD Pulse Width 400 ! 6tc L -100 ns
AW WR Pulse Width 400 | Bty o -100 ns
LoV RD Low to Valid Data In | 252 5tc o -90 ns
DX Data Hold After RD o 0 ns
HDZ Data Float After RD 97 2tc 28 ns
Lov ALE Low to Valid Data In | 517 8tg 150 ns
VOV Address to Valid Data In ; 585 Ot o -165 ns
WL ALE Low to RD or WR Low 200 300 3t o 50 3t o +50 ns
VWL Address to RD or WR Low 203 Atg, 75 ns
WX Data Valid to WR Transition 23 ‘ toicl-20 ns
WH Data Valid to WR High 433 TtorcL-120 ns
vHOX Data Hold After WR 33 torc-20 ns
LAZ RD Low to Address Float 0 0 ns
YHLH RD or WR High to ALE High 43 : 123 toLc20 teo +25 ns

11




xternal Program Memory Read Cycle

tLHLL—_—.
ALE AN
tpien
tavie n LT,
—» ‘upL
PSEN N » touv
—» Je—tp a7 —texav
tyax texiz
toxix—» |
PORT 0 ~ >—X  A0-A7 K INSTRIN b > a-a7 ><
< taviv >
PORT 2 K A8 - A15 X AB-Al5

xternal Data Memory Read Cycle

ALE /F Jﬁ-—\_—/

PSEN
oy |
— tLLWL R
RD t
fo tav v t
| ALAZ |
PORT 0 >—<i A0 - A7 FROM RI OR DPL; INSTR IN
e taw, —————
f‘ - oy ~»
PORT 2 >[<~ P20 - P27 OR A8 - A15 FROM DPH > AB - A15 FROM PCH _

AT89C51




xternal Data Memory Write Cycle

ti—» ‘
ALE I 7)( N 4
— o bty
PSEN \ /
— tyw —sfe—twwn —»
WR «—tyax > N
“—tAvu_—4 tovwx - M twkax
— tovwe —»}
PORT 0 >-KAQ - A7 FROM RI OR DPL} DATA OUT X <AO - A7 FROM PCL>-<INSTR IN
PORT2 _ X P20-P270RA8-A15FROMDPH X A8 - A15 FROM PCH

xternal Clock Drive Waveforms

0.45v

¢ lolox —*

teHex

toen — *+— tohoL

kternal Clock Drive

toLoL

ymbol Parameter Min Max Units
RoreL Oscillator Frequency 0 24 MHz
LCL Clock Period 416 ns
JHCX High Time 15 ns
LCX Low Time 15 ns
LCH Rise Time 20 ns
HCL Fall Time 20 ns

AIMEL
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arial Port Timing: Shift Register Mode Test Conditions

¢ = 5.0 V £ 20%; Load Capacitance = 80 pF)

12 MHz Osc Variabte Oscillator Units
ymbol Parameter Min ! Max Min Max
XL Serial Port Clock Cycle Time 1.0 12t 01 s
WXH Output Data Setup to Clock Rising Edge 700 10tc c -133 ns
HOX Cutput Data Hold After Clock Rising Edge 50 2to o117 ns
HDX Input Data Hold After Clock Rising Edge 0 0 ns
HDV Clock Rising Edge to Input Data Valid . 700 10tg  -133 ns
1ift Register Mode Timing Waveforms
INSTRUCTION — |
we m°m'm F—l R il n'n'r Maliniaiiniinkint n';
. [ . o xLXL . PR JR— - — [
CLoCK N S S Y [ (Y Y A DO D
tovxH -1 f
i |~~— txrax
WRITE TO SBUF, o[ X X2 XT3 X 4 X5 X e X 7
OUTPI?IT DATA toov o w1 boiox SETTI T
| CLEARRL, T o o< D i i o i <
INPUT DATA SET RIT

C Testing Input/Output Waveforms!"

Vec- O
oo 08V 0.2 Vo + 0.9V

TEST POINTS
0.2 Vg - 0.0V

0.45V

te: 1. AC Inputs during testing are driven at V¢ - 0.5V fora
logic 1 and 0.45V for a logic 0. Timing measurements
are made at V,; min. for a logic 1 and V,, max. for a

logic 0.

AT89C51

Float Waveforms("

- 0.1V
oL 0

Timing Reference
Points

VLOAD

- 0.1V V.. + 01V

v LOAD oL

Note: 1.

For timing purposes, a port pin is no longer floating
when a 100 mV change from load voltage occurs. A
port pin begins to float when 100 mV change from
the loaded Voi/Vo, level occurs.
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ChipCorder

TECHNOLOGY BY 150

ISD2560/75/90/120 Products

Single-Chip Voice Record/Playback Devices
60-, 75-, 90-, and 120-Second Durations

GENERAL DESCRIPTION

Information Storage Devices' 1SD2500 Chip-
Corder® Serles provides high-quality, single-chip
record/playback solutions for 40- fo 120-second
messaging applications. The CMOS devices in-
clude an on-chip oscillator, microphone pream-
plifier, automatic gain confrol, antialiasing fitter,
smoothing filter, speaker amplifier, and high den-
sity multilevel storage amray. In addition, the
ISD2500 Is microcontroller compatible, allowing
complex messaging aond oddessing to be
achieved.

Recordings are stored in on-chip nonvolatile
memory cells, providing zero-power message
storage. This unique, single-chip solution is made
possible through ISD's patented muttilevel storage
technology. Voice and audio signals are stored
directly info memory in their natural form, providing
high-quality, solid-state voice reproduction.

Figure i: 1SD2560/75/90/120 Device Block Diagram

| ntemaiClock |—]  Timing
| : ®
XCIK O Sormping Ciock ChipCorder
I\ TECHNGOLOGY BY ISD
5-Pole Active ||
ANA IN IN-n/p Anfiallasing Fiter Anclog Transcelvers —L
@
480K Cell
ANAOUT O— _‘§ Nonvolatile 5'P0|G‘Acff\‘l9
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FEATURES

Easy-to-use single-chip voice record/playback
solution

High-quality, natural voice/audio reproduction

Manual switch or microcontroller compatible
playback can be edge- or level-activated

Single-chip durations of 60, 75, 90, and 120
seconds

Directly cascadable for longer durations
Automatic Power-Down (Push-Button Mode)
— Standby curent 1 LA (typlcal)
Zero-power message storage

— Eiminates bch‘ery' backup circuits

Fully addressable to handle multiple
messages -

100-year message retention (typical)

100,000 record cycles (typical)

On-chip clock source

Programmer support for play-only applications
Single +5 volt power supply

Avdilable in die form, DIP, and TSOP
packaging

Industrial temperature (-40°C to +85°C)
versions available

Table i: ISD2560/75/90/120 Product Summary

Part Duration Input Sample Typical Filter Pass
Number (Seconds) Rate (KHz) Band (KHz)
1SD2560 60 8.0 34
ISD2575 75 6.4 2.7
1SD2590 90 5.3 2.3
1SD25120 120 4.0 1.7

Voice Solutions in Silicon™
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DETAILED DESCRIPTION

SPEECH/SOUND QUALITY

The ISD2500 series includes devices offered at 4.0,
5.3, 6.4, and 8.0 KHz sampling frequencies, allow-
ing the user a choice of speech quality options.
Increasing the duratfion within a product series de-
creases the sampling frequency and bandwidth,
which affects sound quality. Please refer to the
1ISD2560/75/90/120 Product Summary table on
page If to compare fitter pass band and product
durations.

The speech samples are stored directly into on-
chip nonvolatile memory without the digitization
and compression assoclated with other solutions.
Direct analog storage provides a very true, natural
sounding reproduction of volce, music, tones,
and sound effects not available with most solid-
state digital solutions.

DURATION

To meet end system requirements, the ISD2500
series offers single-chip solutions at 60, 75, 90, and
120 seconds. Parts may also be cascaded to-
gether for longer durations.

EEPROM STORAGE

One of the benefits of ISD's ChipCorder technology
is the use of on-chip nonvolatile memory, provid-
ing zero-power message storage. The message is
retained for up to 100 years typically without pow-
er. In addition, the device can be re-recorded
typically over 100,000 times.

MICROCONTROLLER INTERFACE

In addition to its simplicity and ease of use, the
ISD2500 series includes all the interfaces necessary
for microcontoller-driven applications. The ad-
dress and control lines can be interfaced to a mi-
crocontroller and manipulated to perform a
variely of tasks, including message assembly,
message concatenation, predefined fixed mes-
sage segmentation, and message manage-
ment,

PROGRAMMING

The 1SD2500 series is also ideal for playback-only
applications, where single or multiple messages
are referenced through buttons, switches, or a mi-
crocontroller. Once the desired message config-
uration is created, duplicates can easily be
generated via an ISD programmer,

Voice Solutions in Silicon™
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Figure 1: 1SD2560/75/90/120 Device Pinouts
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PIN DESCRIPTIONS
VOLTAGE INPUTS (Veca, Veen) POWER DOWN INPUT (PD)

To minimize noise, the analog and digital circuits
in the 1SD2500 series devices use separate power
busses. These voliage busses are brought out to
separate pins and should be tied together as
close to the supply as possible. In addition, these
supplies should be decoupled as close to the
package as possible.

GROUND INPUTS (Vgy, Vsp)

The ISD2500 series of devices utilizes separate an-
alog and digital ground busses. These pins should
be connected separately through a low-imped-
ance path to power supply ground.

When not recording or playing back, the PD pin
should be pulled HIGH to place the part in a very
low power mode (see lgg specification). When
overflow (OVF) pulses LOW for an overflow condi-
fion, PD should be brought HIGH to reset the ad-
dress pointer back to the beginning of the record/
playback space. The PD pin has additional func-
tionality in the Mé (Push-Button) Operational Mode
described later in the Operational Mode section.

CHIP ENABLE INPUT (CE)

The CE pin is taken LOW to enable all playback
and record operations. The address inputs and
playback/record input (P/R) are latched by the fall-
ing edge of CE. CE has additional functionality in
the M6 (Push-Button) Operational Mode de-
scribed later in the Operational Mode section.

Voice Solutions in Silicon™
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PLAYBACK/RECORD INPUT (P/R)

The P/R input Is latched by the falling edge of the
CE pin. A HIGH level selects a playback cycle
while a LOW level selects a record cycle. For a
record cycle, the address inputs provide the start-
ing address and recording continues until PD or
CE is pulled HIGH or an overflow is detected (i.e.
the chip is full). When a record cycle is terminated
by puling PD or CE HIGH, an End-Of-Message
(EOM) marker is stored at the cument address in
memory. For a playback cycle, the address inputs
provide the starting address and the device will
play until an EOM marker is encountered. The de-
vice can continue past an EOM marker in an Op-
erational Mode, or if CE is held LOW in address
mode. (See page 5 for more Operational Modes).

END-OF-MESSAGE / RUN OUTPUT (EOM)

A nonvolatile marker is automatically inserted at
the end of each recorded message. it remains
there until the message Is recorded over. The EOM
output pulses LOW for a pericd of Tgopm at the end
of each message.

In addition, the ISD2500 series has an intemal Ve
defect circuit to maintain message Integrity
should Ve fall below 3.5V. In this case, EOM
goes LOW and the device is fixed in playback-only
mode.

When the device Is configured in Operational
Mode Mé (Push-Button Mode), this pin provides an
active-HIGH RUN signal, indicating the device is
currently recording or playing. This signal can con-
veniently drive an LED for a visual indicator of a
record or playback operation in process.

OVERFLOW OUTPUT (OVF)

This signal pulses LOW at the end of memory
space, indicating the device has been filled and
the message has overflowed. The OVF output
then follows the CE input until a PD pulse has reset
the device. This pin can be used to cascade sev-
eral ISD2500 devices together to increase record/
playback durations.

MICROPHONE INPUT (MiC)

The microphone input transfers its signal to the on-
chip preamplifier. An on-chip Automatic Gain
Contiol (AGC) circuit confrols the gain of this
preamplifier from =15 to 24 dB. An extemnal micro-
phone should be AC coupled to this pin via a se-
ries capacitor. The capacitor value, together with
the internal 10 KQ resistance on this pin, deter-
mines the low-frequency cutoff for the ISD2500 se-
ries passband. See Application Information for
additional information on low-frequency cutoff
calculation.

MICROPHONE REFERENCE INPUT (MIC REF)

The MIC REF input Is the inverting Input to the mi-
crophone preamplifier. This provides a noise-can-
celing or common-mode rejection input o the
device when connected fo a differential micro-
phone.

AUTOMATIC GAIN CONTROL INPUT (AGC)

The AGC dynamically adjusts the gain of the
preampilifier to compensate for the wide range of
microphone input levels, The AGC allows the full
range of whispers to loud sounds to be recorded
with minimal distortion. The “attack” time is deter-
mined by the time constant of a 5 KQ internal re-
sistance and an extemal capacitor (C2 on the
schematic on page 18) connected from the AGC
pin to Vg analog ground. The “release” time is
determined by the time constant of an external
resistor (R2) and an extemal capacitor (C2) con-
nected in parallel between the AGC Pin and Vgga
analog ground. Nominal values of 470 KQ and
4.7 uF give satisfactory results in most cases.

ANALOG OUTPUT (ANA OUT)

This pin provides the preamplifier output to the us-
er. The voltage gain of the preampilifier is deter-
mined by the voltage level at the AGC pin.

I1sD
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ANALOG INPUT (ANA IN)

The analog input pin fransfers its signal to the chip
for recording. For microphone inputs, the ANA OUT
pin should be connected via an extemal capaci-
tor fo the ANA IN pin. This capacitor value, togeth-
er with the 3.0 KQ input impedance of ANA IN, is
selected to glve additional cutoff at the low-fre-
quency end of the voice passband. If the desired
input is derived from a source other than a micro-
phone, the signal can be fed, capacitively cou-
pled, into the ANA IN pin directly.

EXTERNAL CLOCK INPUT (XCLK)

The extemal clock input for the ISD2500 devices
has an intemnal pull-down device. These devices
are configured at the factory with an internal sam-
pling clock frequency centered to +1 peicent of
specification. The frequency is then maintained to
a variation of +2.25 percent over the entire com-
mercial temperature and operating voltage rang-
es. The intemal clock has a =5 percent tolerance
over the industial temperature and voltage
range. A regulated power supply is recommended
for industiial temperature range pars. If greater
precision is required, the device can be clocked
through the XCLK pin as follows:

These recommended clock rates should not be
varied because the antialiasing and smoothing fitters
are fixed, and allasing problems can occur if the
sample rate differs from the one recommended.
The duty cycle on the input clock is not critical, as
the clock is immediately divided by two. If the
XCILK is not used, this input must be connected
to ground.

SPEAKER OUTPUTS (SP-+/SP-)

All devices in the ISD2500 series include an on-chip
differential speaker driver, capable of driving
50mW into 16 Q from AUX IN {(12.2mW from
memory).

The speaker outputs are held at Vgsa levels during
record and power down. 1t is therefore not possi-
ble to parallel speaker outputs of multiple ISD2500
devices or the outputs of other speaker drivers.

NOTE Connectlon of speaker outputs In parallel!
may cause damage to the device.

A single output may be used dlone (including a
coupling capacitor between the SP pin and the
speaker). These outputs may be used individually
with the oufput signal taken from either pin. Using
the differential outputs results in a 4 o 1 improve-
ment in output power.

NOTE Never ground or dilve an unused speaker
output.

AUXILIARY INPUT (AUX IN)

The Auxiiary Input is multiplexed through fo the
output amplifier and speaker output pins when CE
is HIGH, P/R is HIGH, and playback is curently not
active or If the device is In playback overflow.
When cascading multiple ISD2500 devices, the
AUX IN pin is used to connect a playback signal
flom a following device to the previous output
speaker drivers. For noise considerations, it is sug-
gested that the auxiliary input not be driven when
the storage array is active.

Table 1: External Clock Sample Rates
Part
Number Sample Rate | Required Clock

I1SD2560 8.0 KHz 1024 KHz
1SD2575 6.4 KHz 819.2KHz
1SD2590 5.3 KHz 682.7 KHz
ISD25120 4,0 KHz 512 KHz
4
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ADDRESS/MODE INPUTS (AX/MX)

The Address/Mode Inputs have two functions de-
pending on the level of the two Most Significant
B#&TMSB) of the address (A8 and A9).

If either or both of the two MSBs are LOW, the inputs
are adll interpreted as address bits and are used as
the start address for the current record or play-
back cycle. The address pins are inputs only and
do not output intemal address information as the
operation progresses. Address inputs are latched
by the falling edge of CE.

If both MSBs are HIGH, the Address/Mode Inputs
are Inferpreted as Mede bits according to the Op-
erational Mode table. There are six Operational
Modes (M0..Mé) available as indicated in the fa-
ble. It is possible to use multiple Operational
Modes simultaneously. Operational Modes are
sampled on each falling edge of CE, and thus
Operational Modes and direct addressing are
mutually exclusive.,

OPERATIONAL MODES

The 1SD2500 serles is designed with several built-in
Operational Modes that provide maximum func-
fionality with minimum additional components,
These are described in detail below. The Opera-
tional Modes use the address pins on the ISD2500
devices, but are mapped outside the valid ad-
dress range. When the two Most Significant Bits
(MSBs) are HIGH (A8 and A9), the remaining ad-
dress signals are inferpreted as mode bits and not
as address bits. Therefore, Operational Modes
and direct addressing are not compatible and
cannot be used simultaneously.

There are two important considerations for using
Operational Modes. First, all operations begin ini-
fially at address 0, which Is the beginning of the
15D2500 address space. Later operations can be-
gin at other address locations, depending on the
Operational Mode(s) chosen. In addition, the ad-
dress pointer is reset 1o 0 when the device is
changed from record o playback, playback to
record (except M6 mode), or when a Power-Down
cycle Is executed.

Second, Operational Modes are executed when
CE goes LOW and the two MSBs are HIGH. This Op-
erational Mode remains in effect until the next
LOW-going CE signal, at which point the current
address/mode levels are sampled and executed.

Table 2: Operational Modes Table

Mode Control Function Typical Use Jointly Compatible’
MO Message cueing Fast-forward through messages M4, M5, M6
M1 Deleté EOM markers Position EOM marker at the end of the last M3, M4, M5, M6
message
[V Not applicable Reserved N/A
M3 Looping Continuous playback from Address 0 M1, M5, M6
M4 Consecutive addressing | Record/play multiple consecutive messages | MO, M1, M5
M5 CE level-activated Allows message pausing MO, M1, M3, M4
Mé Push-button control Simplified device interface MO, M1, M3

1. Additional Operational Modes can be used simultaneously with the given mode.

I1sD
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OPERATIONAL MODES DESCRIPTION

The Operational Modes can be used In conjunc-
tion with a microcontoller, or they can be hard-
wired fo provide the desired system operation.

M0 — MESSAGE CUEING

Message Cueing allows the user to skip through
messages, without knowing the actual physical
addresses of each message. Each CE LOW pulse
causes the intemal address pointer to skip to the
next message. This mode should be used for play-
back only, and is typically used with the M4 Oper-
ational Mode.

M1 — DELETE EOM MARKERS

The M1 Operational Mode allows sequentially re-
corded messages to be combined into a single
message with only one EOM marker set at the end
of the final message. When this Operational Mode
is configured, messages recorded seguentially
are played back as one continuous message.

M2 — UNUSED

When Operational Modes are selected, the M2
pin should be LOW.

M3 — MESSAGE LOOPING

The M3 Operational Mode allows for the automat-
ic, continuously repeated playback of the mes-
sage located at the beginning of the address
space. A message can completely fill the
ISD2500 device and will loop from beginning to
end without OVF going LOW.

M4 — CONSECUTIVE ADDRESSING

During normal operations, the address pointer will
reset when g message Is played through to an
EOM marker. The M4 Operational Mode inhibits
the address pointer reset on EOM, allowing mes-
sages 1o be played back consecutively.

M5 — CE-LEVEL ACTIVATED

The default mode for ISD2500 devices is for CE to
be edge-activated on playback and level-activat-
ed on record. The M5 Operational Mode causes
the CE pin fo be interpreted as level-activated as
opposed to edge-activated during playback. This
is specifically useful for terminating playback op-
erations using the CE signal.

In this mode, CE LOW begins a playback cycle,
at the beginning of the device memory. The play-
back cycle continues as long as CE is held LOW.
When CE goes HIGH, playback will immediately
end. A new CE LOW will restart the message from
the beginning unless M4 is also HIGH.

M6 — PUSH-BUTTON MODE

The I1SD2500 series of devices contain a Push-But-
ton Operational Mode. The Push-Button mode is
used primarily in very low-cost applications and is
designed to minimize external circuitry and com-
ponents, thereby reducing system cost. In order to
configure the device in Push-Button Operational
Mode, the two most significant address bits must
be HIGH, and the M6 mode pin must also be
HIGH. A device in this mode always powers down
at the end of each playback or record cycle after
CE goes HIGH.

When this Operational Mode is implemented,
several of the pins on the device have alternate
functionality:

Table 3: Alternate Functionality in Pins
. Alternate Functionality in
Pin Name Push-Button Mode

CE StartfPause Push-Button
(LOW puise-activated)

PD Stop/Reset Push-Button
(HIGH pulse activated)

EOM Active-HIGH Run Indicator

Voice Solutions in Silicon™
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CE PIN (START/PAUSE)

In Push-Button Operational Mode, CE acts as a
LOW-going pulse-activated START/PAUSE signal. If
no operation is currently in progress, a LOW-going
pulse on this signal will initiate a playback or a
record cycle according to the level on the P/R pin.
A subsequent pulse on the CE pin, before an End-
Of-Message Is reached In playback or an overflow
condition occurs, will cause the device to pause.
The address counter Is not reset, and another CE
pulse will cause the device to continue the oper-
ation from the place where it was paused.

PD PIN (STOP/RESET)

In push-button Operational Mode, PD acts as a
HIGH-going pulse-activated STOP/RESET signal.
When a playback or record cycle Is in progress
and a HIGH-going pulse is observed on PD, the
curent cycle is terminated and the address point-
er is reset to address 0, the beginning of the mes-
sage space.

EOM PIN (RUN)

In Push-Button Operational Mode, EOM becomes
an active-HIGH RUN signal which can be used to
diive an LED or other external device. It is HIGH
whenever a record or playback operation is in
progress.

Recording in Push-Buiton Mode

1. The PD pin should be LOW, usually using
a pull-down resistor,

The PR pin Is taken LOW.

The CE pin is pulsed LOW. Recording starts,
EOM goes HIGH to indicate an operation in
progress. :

4. The CE pin is pulsed LOW. Recording paus-
es, EOM goes back LOW. The intemal ad-
dress pointers are not cleared, but an EOM
marker Is stored in memory to point to the
message end. The P/R pin may be taken
HIGH at this time. Any subsequent CE would
start a playback at address 0.

5. The CE pin is pulsed LOW. Recording starts
at the next address after the previous set
EOM mairker. EOM goes back HIGH.

NOTE If the M] Operatlonal Mode pin Is also
HIGH, the Just previously written EOM bit Is
erased, and recording starts at that
address. )

6. When the recording sequences are fin-
ished, the final CE pulse LOW will end the
last record cycle, leaving a set EOM marker
at the message end. Recording may also
be terminated by a HIGH level on PD,
which will leave a set EOM marker,

Playback in Push-Buiton Mode
1. The PD pin should be LOW.

2. The P/R pin Is faken HIGH.

3. The CE pin is pulsed LOW. Playback starts,
EOM goes HIGH to indicate an operation in
progress.

4. Ifthe CE pinis pulsed LOW or an EOM mark-
er is encountered during an opeiation, the
part will pause. The intemal address point-
ers are not cleared, and EOM goes back
LOW. The P/R pin may be changed at this
fime. A subsequent record operation
would not reset the address pointers and
the recording would begin where playback
ended.

5. CE is again pulsed LOW. Playback starts
where it left off, with EOM going HIGH fo in-
dicate an operation in progress.

6. Playback continues as in steps 4 and 5 until
PD is pulsed HIGH or overflow occurs.

7. If in overflow, puling CE LOW will reset the
address pointer and start playback from
the beginning. After a PD pulse, the part is
reset to address 0.

NOTE Push-bulton mode can be used in conjunc-
tion with modes MO, M1, and M3.

IsD
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GOOD AUDIO DESIGN PRACTICES

ISD products are very high-quality single-chip
volce recording and playback systems. To ensure
the highest quality voice reproduction, it is impor-
tant that good audio design practices on layout
and power supply decoupling be followed. See
the ISD Application Notes in this book for details,

ISD1000A COMPATIBILITY

The 1SD2500 serles of devices is designed to pro-
vide upward compatibility with the ISD1000A fam-
fly. When designing with the ISD2500 series, the
following differences should be noted.

ADDRESSING

The 15D2560/75/90/120 devices have 480K stor-
age cells designed to provide 60 seconds of stor-
age at a sampling rate of 8.0KHz. This Is
approximately four fimes the storage of the
ISD1000A family. To enable the same addressing
resolution, two additional address pins have been
added. The address space of each device is di-
visible into 600 increments with valld addressing
from 00 to 257 Hex. Sofme higher addresses are
mapped into the Operational Modes. All other
addresses are invalid.

OVERFLOW

The I1SD1000A series combined two functions on
the EOM pin: end-of-message indication and
overflow. The 1SD2500 separates these two func-
fions. Pin 25 (PDIP package) remains as EOM, but
outputs only the EOM signal Indication. Pin 22
(PDIP package) becomes OVF and pulses LOW
only when the device reaches its end of memory,
or Is "full.” This change allows easy message cue-
ing and addressability across device boundaries.
This also means that the M2 Operational Mode
found in the ISD10C0A family is not implemented
in the 1SD25C0 series.

PUSH-BUTTON MODE

The I1SD2500 series includes an additional Opera-
fional Mode called Push-Button mode. This pro-
vides an altemative Interface to the record and
playback functions of the part. The CE and PD pins
become redefined as edge-activated “push-but-
tons.” A pulse on CE initiates a cycle, and if frig-
gered again, pauses the cument cycle without
resetting the address pointer (i.e., a Start or Pause
function). PD stops any cunent cycle and resets
the address pointer to the beginning of the mes-
sage space (i.e., a Stop and Reset function). Ad-
ditionally, the EOM pin functions as an active-
HIGH run indicator, and can be used to diive an
LED indicating a record or playback operation is in
progress. Devices in the Push-Button mode cannot
be cascaded.

LOOPING MODE

The 1ISD2500 series can loop with a message that
completely fills the memory space.

NOTE Additional descriptions of 1SD2500 device
functionallty and application examples are
provided in the ISD Application Notes In this
book.
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TIMING DIAGRAMS
Figure 2: Record
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Table 4: Absolute Maximum Ratings Table 5: Operating Conditions
(Packaged Parts)(") (Packaged Parts)
Condition Value Condition Value
Junction temperature 150°C Commercial operating 0°Cto +70°C
tempetature range(!)
Storage temperature range —65°C to +150°C
Industrial operating -40°C to +85°C
Vo“cge Clpp"ed to any pln Nss -03 V] to Qemperofu’e longe“)
(VCC +0.3 V)
Supply voltage (V)@ +4.5V10 +5.5V
Voltage applied to any pin {Vgs—1.0V)to
(input current limited to £20 MA) | (Vec + 1.0V) Ground voltage (Vsg)® ov
Lead temperature (soldering - | 300°C
10 seconds) 1. Case temperature.
2. Vec = Veea = Veen.
VCC —Vss -0.3Vto +7.0V 3. Vss = Vgga = Vssp.
1. Siresses above those Ilsrea may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliability.
Functional operation Is not iImplied at these
conditions.
Table 6: DC Parameters (Packaged Parts)
Symbol Parameters Min®® Typ (M | Max®® | uUnits Conditions
ViL Input Low Voitage 0.8
Vin Input High Voltage 2.0 v
Voo Output Low Voltage 0.4 v lop = 40mA
Vou Output High Voltage Vec -0.4 v lon = ~10 A
Vo OVF Cutput High Voltage 2.4 v lon = -1.6MA
Vomz EOM Output High Voltage | Vec-1.0 | Ve -0.8 vV |iloy=-32mA
lee Vee Curent (Operating) 25 30 MA  |Rpg =0
lsg Ve Current (Standby) 1 10| wpwa |O
' Input Leckage Cunent +1 UA
T Input Cumrent HIGH with Pull 130 pA | Force Vge ¥
Down
Rext Output Load Impedance 16 Q Specker Load
Rmic Preamp In Input 4 9 15 KQ MIC and MIC REF Pins
Resistance *
Raux AUX INPUT Resistance 5 " 20 KQ
10 Voice Solutions in Silicon™
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Table 6: DC Parameters (Packaged Parts)

Symbol Parameters Min@ Typ (" | Max@ | units Conditions
RanA N ANA IN Input Resistance 23 3 5 KQ
Aory Preamp Gain 1 21 24 2% | o8 |AGC =00V
Arre2 Preamp Galn 2 15 5| o8 |AGC=25V
Aaux AUX IN/SP+ Galn 0.98 1.0 A\
Anp ANA IN fo SP+/- Galn 21 23 2% | o8
Race AGC Output Resistance 2.5 5 9.5 KQ

1. Typical values @ Ty = 25°C and 5.0 V.

2. Al Min/Max limits are guaranteed by ISD via electiical testing or characterization. Not all specifications are
100 percent tested.

3. Veca and Veep connected together.
4. XCIK pin only.

Table 7: AC Parameters (Packaged Parts)

Symbol Characteristic Min@ [ Typ™ | Max® | units Conditions
Fs Sampiing 1SD2560 8.0 KHz | ()
Frequency 1SD2575 6.4 KHz |

1SD2590 5.3 KHz |
1SD25120 40 Koz |

Fcr Filter Pass Band 1SD2560 3.4 KHz | 3 dB Roll-Off Point (3) )
ISD2575 2.7 KHz | 3 dB Roll-Off Point (3 ()
1SD2590 2.3 KHz | 3 dB Roll-Off Point (3)(8)
1SD25120 1.7 KHz | 3 dB Roll-Off Point (38

Trec Record Duration 1SD2560 58.1 60.0 | 620 | sec |Commercial Operation!”
1SD2560 56.5 600 | 63.8 sec | Industrial Operation!”)
1SD2575 72.6 750 | 775 sec | Commercial Operation”
1SD2575 70.7 750 | 79.7 sec | Industial Operation(”
ISD2590 87.1 9.0 | 93.0 sec | Commercial Operation(”
ISD25120 | 116.1 1200 | 123.9 sec | Commercial Opertation!”)

Tray Playback Duration  1SD2560 58.1 60.0 62.0 sec | Commerclal Operation
ISD2560 56.5 60.0 63.8 sec industrial Operation
1SD2575 72,6 75.0 77.5 sec Commeiclal Operation
I1SD2575 70.7 75.0 79.7 sec industial Operation
1SD2590 871 0.0 3.0 sec Commeiclal Operation
ISD25120 | 116.1 120.0 | 123.9 sec Commerclal Operation

Tce CE Puise Width 100 nsec

Teer Control/Address Setup Time 300 nsec

Tvowo Confrol/Address Hold Time 0 nsec

1sD 11
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Table 7: AC Parameters (Packaged Parts)

Symbol Characteristic Min® | Typ M | Max® | Units Conditions
Trup Power-Up Delay 1SD2560 241 25.0 27.8 | msec | Commeiclal Operation
1SD2560 23.5 28.5 msec | Industial Operation
ISD2575 302 31.3 34.3 msec | Commercial Operation
ISD2575 29.3 31.3 35.2 msec | Industlal Operation
1ISD2590 36.2 375 40.8 msec | Commeiclal Operation
15D25120 48.2 50.0 53.6 | msec | Commercial Operation
Teor PD Pulse Width . 1SD2560 25 msec
Record 1SD2575 31.25 msec
1SD2590 37.5 msec
1SD25120 50.0 msec
Tepp PD Pulse Width Play  I1SD2560 12.5 msec
ISD2575 15.625 msec
1ISD2590 18.75 msec
1SD25120 25.0 msec
Teps PD Pulse Width Static 100 nsec |
TeoH Power Down Hold 0 nsec
Teom EOM Pulse Width 15D2560 12.5 msec
1SD2575 15.625 msec
1SD2590 18.75 msec
1SD25120 25.0 msec
Tovr Overflow Pulse Width 6.5 usec
THD Total Hamonic Distortion 1 2 % @ 1 KHz
Pout Speaker Output Power 12.2 50 | mW [Rgg=160W
Vour Voltage Across Speaker Pins 25 | VPP |Rpg=4600Q
Vini MIC Input Voltage 20 mV | Peak-to-Peak ()
Ving ANA N Input Voltage 50 mv Peak-to-Peak
Vin3 Aux Input Vottage 1.25 \' Peak-to-Peck;
REXT = ]6 Q

1. Typical values @ T4 = 25°C and 5.0 V.

2. Al Min/Max Iimits are guaranteed by ISD via electrical testing or characterization. Not all specifications are
100 percent tested.

3. low-frequency cutoff depends upon the value of external capacitors [see Pin Descriplions).

4. From AUX IN: If ANA IN Is driven at 50 mV p-p. the Poyr = 12.2 mW, typical.

5. With 8.1 KQ serles resistor at ANA IN.

6. Tpps Is required during a static condition, typically overfiow.

7. Sampling Frequency and playback Duration can vary as much as +2.25 percent over the commercial

temperature range and voltage range and +5 percent over the Industrial temperature and voltage range. For
gredter stabllity, an external clock can be utilized (see Pin Descriptions).

8. Fitter specification applles to both the antialiasing filter and the smoothing filter. Therefore, from input to output,
expect a 6 dB drop by nature of passing through both filters.

12 Voice Solutions in Sllicon™
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (PACKAGED PARTS)
Chart 1: Record Mode Operating Current Chart 3: Standby Current (Igg)
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Chart2:  Total Harmonic Distortion Chart4:  Oscillator Stability
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Table 8: Absolute Maximum Ratings Table 9: Operating Conditions
(Die)V (Die)
Condition Value Condition Value
Junction temperature 150°C Commerclal operating 0°C to +50°C
temperature range
Storage temperature range ~65°C 10 +150°C
Supply voltage (Vee)! +4.5Vio +6.5V
Voltage applied to any pad (Vss-0.3V) 10
Vee +0.3V) Ground voltage (Vgs)? oV
Voltage applied to any pad Vss-1.0V)to
(Input current limited to £20 MA) | (Vee + 1.0V) 1. Vec = Veea = Veen
2. Vss = Vssa = Vssp
Vcc~Vss -0.3Vto+70V
1. Shresses above those listed may cause permanent
damage to the device. Exposure to the absolute
maximum ratings may affect device reliability.
Functlonal operation Is not implled at these
conditions.
Table 10: DC Parameters (Die)
Symbol Parameters Min(? Typ ™M | Max? | Units Conditions
ViL Input Low Voltage 0.8 \'
VIH input High Voltage 20 "
Vou Output Low Voltage 0.4 \ lop = 4.0mMA
Vox Output High Voltage Vee =04 Vv loy = ~10 pA
VoHi OVF Output High Voltage 24 v loy=-1.6mMA
VoH? EOM Output High Voltage Vee-1.0 | Vec-0.8 \ lon = =3.2 MA
lee Vec Cunent (Operating) 25 30| mMA |Ryg=oW
lsg Ve Current (Standby) 1 10 pA | @
I[L input Leakage Curnent +1 A
T Input Current HIGH with Puil 130 pA | Force Ve @
Down
Rext Output Load Impedance 16 Q Specaker Load
Rmvic Preamp In Input Resistance 4 9 15 KQ MIC and MIC REF Pads
Raux AUX INput Resistance 5 n 20
Ranain | ANAIN Input Resistance 2.3 3 5 KQ
Appgy Preamp Galn 1 21 24 26 dB AGC =00V

14
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Table 10: DC Parameters (Die)

Symbol Parameters Min? Typ M | mMax®@ | units Conditions
Amea | Preamp Gain 2 -15 5 dB  |AGC =25V
Anux AUX IN/SP+ Galin 0.98 10 | w

Angp ANA IN to SP+/- Gain 21 23 2 | dB

Race AGC Output Resistance 25 5 9.5 KQ

1. Typical values @ T, = 25°C and 5.0 V.

Al Min/Max limits are guaranteed by ISD via electrical testing or characterization. Not all specifications are
100 percent tested.

w

Veeca and Veep connected together.

4. XCIK pad only.

Table 11: AC Parameters (Die)

Symbol Characteristic Min@ [ Typ | max(® | units Conditions
Fs Sompiing ISD2560 8.0 Kz |7
Frequency 1SD2575 6.4 KHz |
ISD2590 5.3 KHz |)
1SD25120 40 KHz |
Fer Filter Pass Band 1SD2560 34 KHz | 3 dB Roll-Off Point (3) )
1SD2575 2.7 KHz | 3 dB Roh-Off Point (3 (8)
1SD2590 2.3 KHz | 3 dB Roll-Off Point (31 (8)
1SD25120 1.7 KHz | 3 dB Roll-Off Point (3 8)
Trec Record Duration ISD2560 58.1 600 | 620 sec | Commercial Operation!”)
ISD2575 72.6 75.0 77.5 sec | Commercial Operation!”!
1SD2590 87.1 900 | 93.0 sec | Commercial Operation!”)
1SD25120 | 116.1 120.0 | 123.9 sec | Commercial Operationt”)
Thay Playback Duration  1SD2560 58.1 60.0 | 620 | sec | Commercial Operation!”)
1SD2575 72.6 75.0 77.5 sec | Commercial Operation!”)
-1SD2590 87.1 90.0 | 93.0 sec | Commercial Operation!”!
ISD25120 | 116.1 1200 | 123.9 sec | Commerclal Operation!”!
Tce CE Pulse Width 100 nsec
Tser Control/Address Setup Time 300 nsec
THowD Control/Address Hold Time 0 nsec
Teup Power-Up Delay 1SD2560 241 25.0 27.8 msec | Commeiclal Operation
ISD2575 30.2 31.3 34.3 msec | Commercial Operation
1SD2590 36.2 37.5 40.8 msec | Commercial Operation
1SD25120 48.2 50.0 53.6 msec | Commerclal Operation
1SD 15



I1SD2560/75/90/120 Products

Table 11: AC Parameters (Die)

Symbol Characteristic Min@ | Typ ™M | Max® | units _ Conditions
TeDR PD Pulse Widih ISD2540 25 msec
Record ISD2575 31.25 msec
iISD2590 37.5 msec
ISD25120 50.0 msec
Tepp PD Pulse Width Play  1SD2560 12,5 msec
iISD2675 15.625 msec
ISD2590 18.75 msec
ISD26120 25.0 msec
Teps PD Pulse Width Static 100 nsec |
TeoH Power Down Hold 0 nsec
Teom EOM Pulse Width ISD2560 12.5 msec
1502575 15.625 msec
1SD2590 18.75 msec
15025120 25.0 msec
Tovr Overflow Pulse Width 6.5 usec
THD Total Harmonic Distortion 1 3 % @ 1 KHz
Pout Speaker Output Power 12.2 50 | mW [Rgg=160Y
Vour Voltage Across Speaker Pins 25 | Vpp |[Rexg=600Q
Vini MIC Input Voltage 20 mV | Peak-to-Peak )
ViN2 ANA N input Voltage 50 mV | Peak-to-Peak
VIN3 Aux Input Voltage 1.25 v Peak-to-Peak;
Rexy = 16 Q
1. Typlcal values @ Ty = 25°C and 5.0 V.
2. A1 Min/Max limits are guaranteed by ISD via elecirical testing or characterization. Not all specifications are

100 percent tested.

Low-frequency cutoff depends upon the value of external capacitors (see Pin Descriptions).
from AUX IN; If ANA IN is driven at 50 mV p-p, the Poyr = 12.2 mW, typical.

With 5.1 KQ serles resistor at ANA IN.

Teps Is requlred auring a static condition, typically overfiow.

Sampling Frequency and playback Duration can vary as much as +2.25 percent over the commercial
temperature range and volfage range. For greater stability, an external clock can be utiized (see Pin Descriptions).

Fiter specification appfies fo the antiallasing fiter and the smoothing filfer.

NS ;AW

®
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TYPICAL PARAMETER VARIATION WITH VOLTAGE AND TEMPERATURE (DIE)
Chart 5: Record Mode Operating Current Chart 7: Standby Current (Igg)
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Figure 4: 1SD2560/75/90/120 Application Example—Design Schematic

Vee

15D2560/75/90/120 T
LN s} Vcep |28 *
Yee V&sl 2 A veea (16 o—1 |
= 3 A2 NSNS
’ 4] a3 Vsso |12 ,_TE /‘rL\ T o
CRIPENABIE < 100kn 21 Ad ven 121 —
- & A5 -l-
——0 O AW spy [1a =
5 A7 sp- |15 |
POWER DOWN 2| ag A o 7
10] A9 ANAIN |20
| 8% 8
2| CE ANA OuT |21 f\/\/\/\ o
PLAYBACK/RECORD 24 pp
<o 271 pR MiC ReF |18 Mote)
+—o0 S1Eom mic |12
L 2] ow
- 261 xcix acc P9
L
a0 Kr:i T~ 527 uF
NOTE:  If desired, pin 18 (PDIP package) may be left unconnected (microphone preamplifier noise wil be higher). In
this case, pin 18 must not be tled to any other signal or voltage. Additional design example schematics are
provided In the Appfication Notes In this book.
Table 12: Application Example—Basic Device Control
Control Step Function Action
1 Power up chip and select record/playback mode | (1.) PD = LOW, {2.) PR = As desired
2 Set message address for record/playback Set addresses AO-AQ
3A Begin playback P/R = HIGH, CE = Pulsed LOW
38 Begin record PR = LOW, CTE = LOW
4A End playback Automatic
4B End record PD or CE = HIGH
18 Voice Solutions in Silicon™
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Table 13: Application Example—Passive Component Functions

Part Function Comments

R1 Microphone power supply decoupling | Reduces power supply noise

R2 Release time constant Sets release time for AGC

R3, RS Microphone blasing resistors Provides blasing for microphone operation

R4 Series Iimiting resistor Reduces level to prevent distortion at higher supply
voltages.

R6 Serles limiting resistor Reduces level to high supply voltages

C1,C5 Microphone DC-blocking capacitor Decouples microphone bias from chip. Provides single-

Low-frequency cutoff pole low-frequency cutoff and common mode noise

rejection.

c2 Attack/Release time constant Sets attack/release time for AGC

C3 Low-frequency cutoff capacitor Provides additional pole for low-frequency cutoff

C4 Microphone power supply decoupling | Reduces power supply noise

C6,C7,C8 Power supply capacitors Filter and bypass of power supply

EXPLANATION

In this simplified block diagram of a microcontrol-
ler application, the Push-Button mode and mes-
sage cueing are used. The microcontroller isa 16-
pin version with enough port pins for buttons, an
LED, and the I1SD2500 series device. The software
can be wiitten o use three butfons: one each for
play and record, and one for message selection.
Because the microcontroller Is interpreting the
buttons and commanding the ISD2500 device,
software can be wiitten for any functions desired
in a particular application.

NOTE ISD does not recommend connecting
address lines directly to a microprocessor
bus. Address lines should be externally

 latched.

IsD
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Figure 5: 1SD2560/75/90/120 Application Example—Microcontroller/ISD2500 Interface
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PA7 10 } A9 ANAIN |20 _
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24 1pD
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Figure 6: 1ISD2500 Application Example—Push-Button
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T 3 C4—— —l—¢; cs
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R& > 5 n ] g g
100K glmm vee A4 VssA
S| < —_ 8] As l
—0 O 7 Ab sP+ |14 = LSt
START/PAUSE A7 sp- |15 |
s 2 n
- A8 AUXIN [ iR,
—O0 O 10] A9 ANAIN |20
STOP/RESET R4 :Lcs
»l= avaout |2 5.1 k0 T
241 D
O 2] PR MIC REF |18 INote)
—o B Tom mic |12
PLAYBACK/RECORD 2| 57 Vee a1
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470 K(g T~ 54:27 uf 5
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NOTE:  Please refer to Application Information.
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Table 14: Application Example—Push-Button Control

Control Step Function Action
1 " | Select record/playback mode | P/R = As desired
2A Begin playback P/R = HIGH, CE = Pulsed LOW
28 Begin record P/R = LOW, CE = Pulsed LOW
3 Pause record or playback CE = Pulsed LOW
4A End playback Automgatic at EOM marker or PD = Pulsed HIGH
4B End record PD = Pulsed HIGH
Table 15: Application Example—Passive Component Functions
Part Function Comments
R2 Release fime constant Sets release time for AGC
R4 Serles limiting resistor Reduces level 1o prevent distortion at higher supply
voltages
Ré, R7 Pull-up and pull-down resistors Defines static state of inputs
C1,C4,C5 Power supply capacitors Filters and bypass of poWér supply
c2 Attacik/Release time constant Sets aftack/release time for AGC
c3 Low-frequency cutoff capacitor Provides additional pole for low-frequency cutoff
Table 16: Push-Button Parameters
Symbol Characteristic Min Typ (1) Max Units Conditions
Tee CE Pulse Width [Start/Pause] 300 nsec
Toer Control/Address Setup Time 300 nsec
Teup Power-Up Delay 1SD2560 25 msec
I1SD2575 31.25 msec
1SD2590 37.25 msec
1SD25120 50.0 msec
Tro PD Pulse Widih [Stop/Reset] 300 nsec
Trun CE to EOM HIGH 25 400 | nsec
TrausE CE to EOM LOW 50 400 | nsec
Tos CE HIGH Debounce  15D2560 70 105 | msec
1SD2575 85 135 | msec
1SD2590 105 160 | msec
1ISD25120 135 215 | msec
Isp 21
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PUSH-BUTTON TIMING DIAGRAMS

Figure 7: Push-Button Mode Record
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Figure 8: Push-Button Mode Playback

Start Pause Start Stop

GE —> Tce o L —lTce
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OVF
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b Tap > |*— ' 3 ol T

Notes M @ @ (4.5) 16.7) ®)

1. A9, A8, and A6 = 1 for push-button operalion.
2. The flist CE LOW pulse performs a Start function.
3. The part will begin to play or record after a power-up deiay Tpyp.

4. The part must have CE HIGH for a debounce period TDB before It will recognize another falling edge of CE and
pause.

5. The second CE LOW pulse, and every even pulse thereafter, performs a Pause function.

6. Again, the part must have CE HIGH for a debounce period TDB before it will recognize another falling edge of
CE, which would restart an operation. In addition, the part wilt not do an Internal power down until CE Is HIGH for
the TDB Hime.

7. The third CE LOW pulse, and every odd puise theredfter, performs a Resume function.

8. At any time, a HIGH level on PD will stop the current function, reset the address counter, and power down the
device.
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ChipCorder”

TECHNOLOGY BY ISD

1

STAND-ALONE/PARALLEL INTERFACE PRODUCTS

Circuit Examples for ISD1000A
and I1SD2500 Products

This chapter provides various applications of the
1SD series of devices. Most can use the ISD1016A
or ISD1020A, as required for the exact application.
In many cases, the schematic shows an ISD1016A
or the 15D2500 device in the socket.

SIMPLEST PLAYBACK ONLY

The circuit in the figure below represents the simplest
playback-only implementation of an ISD1000A
series device.

This schematic shows the minimum device count
playback-only circuit. Change SW1 to the +5 volt
"RUN" position and the contents of the ISD1000A
will play one time, then stop. Because CF is
strapped LOW, set EOM bits will be ignored
(though an EOM puise will be output through the
EOM pin when a set EOM bit is encountered) and
the device will play until it goes into overflow. A
momentary change of SW1 to "STOP* then back
to "RUN" will cause the contents of the ISD1000A to
be played a second time.

Figure 1: Simplest Playback Only

vee
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°_o©
stop
1]A0 vCeD | 28
2 | Al VCCA 16
31A2
4]1a3 vssD | 12
5 1AM VSSAE L
6 1as =
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10 | A7 s [15 ]
AN 16 €2 SPEAKER
15D1016A
2 Tt ANAIN |20
2P AnAOUI [2]
PR
25 | gom MIC REF | 18
2% mic |17
XCLK AGC 119

isb



Application Information for ChipCorder Products

Circuit Examples for ISD1000A and 1SD2500 Products

SIMPLEST PLAYBACK/RECORD

The next clicuit represants the simplest implemen-
tation of a record and playback non-addressed
application. This circuit can use either an
ISD1000A or 1ISD25C0 device and is the same
schematic found In the data sheets. To operate,
start with chip enable HIGH. To record, change
the Playback/Record switch to LOW, make sure
the power-down switch is LOW, then change the
chip enable switch to LOW. Record for the time
period of the ISD device used. To playback, mo-

mentarily set the power-down switch to HIGH, then
back to LOW, change the Playback/Record switch
o HIGH, then pulse the chip enable switch LOW,
then back HIGH. The previously recorded mes-
sage will Playback. If the message did not totally
fill the device, the power-down cycle is not re-
quired. If the chip enable switch Is held LOW while
in Playback, the entire contents of the device will
play regardiess of any EOM bits being set.

Figure 2: Simplest Playback/Record Schematic
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o QO
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5 47K 149 veeD (2 To o
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O— spr016a AXN L — l L L
1 - B 1T ANAN ZO_I_I
POWER-DOWN 2; o avnon 12 cl:s .
211 PR L_oWF |
25 18 c5 0K
s3 —=] &M M‘Ch':fé ) 1 0.1 ‘f
‘O\O————‘ d—2 1 yox AGC |8 I}
PLAYBACKRECORD _
= R2 <L =
470K T anF c
Q. \F
|—_.
AANAN—
= R4
= 10k
PLAYBACK LOOPING PLAYBACK LOOPING USING OPERATIONAL MODE

Many audio applications require repetitive play-
back or looping on the same message for an ex-
tended time. The ISD1000A series of devices may
be used tfo satisfy this requirement using either the
built in Operational Mode or using a small amount
of external logic. Both applications may be con-
frolled by the Chip Enable pin so looping can be
started and stopped or run continuously when
power is applied.

Figure 3 shows that Operational Mode may be
used fo accomplish playback looping if the mes-
sage starts at Address 0 (the beginning of the
memory} and does not require the full 16 seconds
of analog storage. Operational Mode may not be
used if the starting address is not zero or the mes-
sage completely fills the ISD1016A.

Voice Solutions in Silicon™
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Figure 3: Operation Mode Playback Looping
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NOTE: Circult loops beginning at 000 and the message cannot reach 160 (end).

Figure 4: Chip Enable Initiated Looping
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Circuit Examples for ISD1080A and 1SD2500 Products

A message is first recorded into an ISD1016A with
all the address bits tied LOW. This positions this
message at the beginning of the I1SD1016A’s ad-
dress space. Next, the device is put into Opera-
fional Mode by connecting Address bits A7 and
A6 HIGH (+5 VDC). Bit A3 is also connected HIGH
fo enable continuous repeat, With PD LOW, PR
HIGH, and CE held LOW, the beginning message
in the ISD1016A will repeat. If CE is taken back
HICH after a message has begun, the ISD1016A
will complete the message, then stop. If CE
is strapped LOW, when power is applied, the mes-
sage will repeat continuously.

CHIP ENABLE INITIATED LOOPING

Figure 4 shows a simple one transistor circuit that
may be used to achieve playback looping using
chip enable. This circuit may not be used if the
ISD10C0A series device is completely full.

The EOM puise at the end of a message is differ-
entiated fo produce about a 15 ms positive going
pulse into the CE pin. When this pulse falls, the ag-
dress is loaded into the device by the DIP switch
and a new Playback cycle starts at that address.
Since the original message has confinued to play
during this pulse, the message is smoothly restart-
ed without a break.

THREE MINUTE CASCADE USING THE 1SD2560

The circuit illustrated in Figure 5 demonstrates a
method of cascading three 1SD2560 devices to
obtain up to three minutes of storage.

The ISD2560 may be easily cascaded to increase
the storage capactity of a system. Two methods
are discussed In the following paragraphs. The first
method shows three devices cascaded in a
mode where a number of messages may be se-
quentially recorded starting at the beginning of
memory. A message may be recorded across
the boundary of two devices. The transition be-
tween the two devices will be transparent fo the
user. Message cueing, the AO Operational Mode

(fast forward) may then be used fo rapidly access
and playback any of the recorded messages. It is
not necessary to know the exact address location
of each message. Only the sequential message
number need be known.

The second method shows how to directly ad-
dress and record or playback a message at any
point in the three devices' memory space. A mes-
sage may be recorded or played back across the
boundary of two devices. The fransition between
the two devices will again be transparent to
the user.

In the two examples shown, three 1SD2560s have
been cascaded resulting in a tfotal record/
playback time of three minutes. Altematively,
1SD2575s or ISD2590s could be used to achieve 3
minutes 45 seconds, or 4 minutes 30 seconds, re-
spectively,

Ineach example, U1, the first 1ISD2560 in the series,
confains the microphone preamplifier and the
speaker output for the entire systemn. This is in ad-
dition to having the first 60 seconds of analog
memory. The remainder of the ICs being cas-
caded serve only as memory elements. The ANA
OUT {microphone preampilifier output) pin of U1 is
connected through blocking capacitors to the
ANA IN of each of the three devices in the
cascade. Additionally, the SP+ of U3 is fed back
to U2's AUX IN pin and U2's SP+ is connected back
to Ul's AUX IN pin. Thus, the ANA IN pins are fed in
parallel from U1's microphone preampilifier while
the speaker outputs “daisy chain” back to Ul's
speaker amplifier.

SEQUENTIAL RECORD AND MESSAGE CUEING EXAMPLE

Operational Mode is used to set up the 1SD2560 .
for proper cascade operation. The 1SD2560 is
placed into Operational Mode by connecting ad-
dress bits A8 and A9 HIGH. The remainder of the
Operational Mode bits are tied LOW except as
follows:

Voice Solutions in Silicon™
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Figure 5: 3-Minute Cascade Schematic
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Bit A4 is HIGH to cause the Message Start Pointer
(MSP) to only be reset when the system'’s mode is
changed between Record and Playback. {(Nor-
mally the MSP is Inifialized anytime the Chip En-
able pln goes LOW.)

NOTE The MSP controls where the ISD2500 Is
going to begin to record or playback on
the next operation. It Is aiso Initiclized

when the Power-Down Cycle Is initiated.

The result of this configuration is that messages will
be stacked sequentially during record across chip
boundaries in @ manner fransparent to the user.
Changing from Record to Playback resets the MSP
back fo the beginning of the first message in the
series. The next Playback proceeds under control
of chip enable.

Record Operation

To begin recording, place the Record/Playback
switch in the record position and hold chip enable
LOW for the durafion of the recording. To record
the second message, repeat the operation; re-
cording will now begin at the end of the first mes-
sage. Additional recordings may be placed
sequentially into the cascaded devices until the
memoiy Is full. The OVF pulse out of the last memory
may be used as a "memory full” indicator.

Playback Operation

To playback the first recorded messages, change
the P/R pin to a HIGH and pulse the CE pin LOW.
The first message will playback and stop at the set
EOM bit. A second LOW CE pulse will start play-
back of the second message. Each message
may start or stop anywhere in the cascade mem-
ory. The A0 Message Cueing Operational Mode
may also be used to access messages anywhere
in the cascade memory. This “fast forward” oper-
ation will transparently cross the boundary be-
tween two devices. A0 Message Cueing is
discussed in detall In the section on Operational
Modes.

DIRECT ADDRESSING EXAMPLE

The second cascade circuit shows the added
logic necessary for direct address of messages
anywhere in the three devices' memories. Only a
single 2 input AND gate is required for each chip
cascade. For simplicity, the analog circuitry is left
off this schematic.

To address any messagse, the user must know the
starting address of the message and in which de-
vice it begins. For instance, a message might be-
gin in device U2 at address 400, or 40 seconds
into the memory. This message may run over into
U3 with no problems. To start playback of this mes-
sage, PD must be taken LOW and P/R taken HIGH.
The address 400 (decimal) must be placed on the
address bus. This equates to 190 Hex.

Next the CE2 line is taken LOW and playback be-
gins. Playback will continue until a set EOM bit is
found. The pulse will appear ot the EOM output
from USA. Note that this will be a 12.5 ms pulse un-
less the message ends at overflow at U3. In this
case, the EOM puse wil be approximately
6 us long.

PUSH BUTTON FOUR MEMORY
RECORD/PLAYBACK

A version of the clrcuit shown in Figure 7 first ap-
peared in December 1991 QST Magazine. It
demonstrates how a single ISD1020A may be
used tfo store up fo four 5-second messages that
may be individually refieved using a single push
button for each.

#SD
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Figure 7: Push-Button Four Memory Schematic
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HOW THE CIRCUIT WORKS

The ISD1020A can be operated in several different
rmodes. In this project, it operates in an “addressed”
mode. The eight address pins of the device deter-
mine where the Record and Playback operations
begin. The ISD1020A can be looked at as a miniafure
tape recorder. It has the abillity to pre-position the
PlaybackRecord head anywhere on this 20-second
tape before we begin an operation, The device
has 160 valid addresses, giving an address resolu-
fion of 0,125 seconds. This means eight address
counts equal 1 second of record time.

To determine what address to give the device, we
must first convert seconds into binary counts, A
1-second resolution is adequate for our purposes.
Since eight counts equal 1 second and eightisan
‘even” binary multiple, we can ignore all the
counts less than eight. We do this by strapping AQ,
Al and A2 to ground and just progromming the
five remaining bits. Using push buttons and di-
odes, we can select any interval between 1 and
19 seconds for the start of record or playback.

As shown in Table 1, the four start message locao-
Yions are 0 seconds (beginning of memory), 5 sec-
onds, 10 seconds and 15 seconds. This defines
four 5-second messages.

Table 1 shows the binary addressing for these in-
tervals. The message start focations could have as
easily been defined as 0 seconds, 4 seconds, 8
seconds, and 14 seconds giving two 4-second
messages and two 6-second messages. Chart 2
shows this second set of intervals, You con experi-
ment with he diode posttions for various address-
es but keep in mind that the highest message start
caddress the 1ISD1020A will recognize is binary
10011111 or 159 decimal. Since AQ, Al and A2
are aiways af ground, the highest recognizable
address Is at the 19-second boundary or
10011000,

The Playback/Record function of the ISD1020A is
determined by the PR pin (pin 27) of the device.
Simply tie it LOW for Record and o +5 V for Playback.

The ISD1020A requires the Chip Enable pin (pin 23)
to start HIGH, puise LOW for Playback and stay at
0 LOW level during record. All the address and the
Playback/Record inputs must be set up before the
Chip Enable pin goes LOW, At the end of record-
ing, retuming the Chip Enable pin to a HIGH ends
the recording and inserts an end of message bit
into the ISD1020A’s memory. When the Chip En-
able pin is pulsed LOW when the Playback/Record
pin is HIGH, the device will playback what is re-
corded until it encounters an end of message bit.
It then stops Playback and waits for the next con-
trol input.

The one remaining input to the ISD1020A is the
power-down or PD pin (pin 24). This pin confrols the
power requirements of the 1ISD1020A. When taken
to +5 volis, the chip uses less than 10 microamps
of current. The device must be powered up (Pow-
er-Down pin ot ground) to record or playbock. This
pin also serves as a reset it the 1SD1020A s recotd-
ed or played “into the stops.” That is, all the way to
the end of the device's 20-second memory.
When that happens, the Power-Down pin must be
cycled HIGH then back LOW again for the device
to continue operation. This is by design. When two
or more ISD1020As are cascaded together to
make messages longer than 20 seconds, the de-
vice must stop operating when it reaches the end
of its memory space so the next chip in the series
can take over. This condition is called “mernory
overflow.”

Table 4: Address Boundaries Example
Chart1 Chart 2
Addr Ping Addr Pins
Message |————— Message ——m——
Start AAAAAAAA Start AAAAAAAA
Seconds Seconds
0 00000000 0 00000000
5 00101000 4 00100000
10 01010000 8 01000000
15 01111000 14 ‘01110000
i1sD
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get around the requirement to cycle the Powes-
wn pin after a memory overflow, the circuit de-
n shown here automatically cycles the device
ough a power-down cycle each time the chip
able is activated, All four push buttons are con-
cted to the CE pin and to C11 through diodes.
2 R16, CY0 network “debounces” the chip en-
le input. When you press a push button, a se-
ence of events happens:

1. The CE input that is nomally held HIGH
through Ré is pulled LOW through a diode.

2. The combination of C11 and RS on the
bose of Q1 causes a positive pulse to be
generated into the PD pin of the ISD1020A.

3. Forthe duration of this pulse, the ISD1020A
is in a power-down state that resets a
memory overflow condition if it exists.

4. When the pulse ends and the PD pin retums
to ground, the status of the TE pin is read.

Assuming the CE pin is still being pulled LOW
([don't be too quick on the push button), the
status of the address and P/R pins is read

and the Record or Piayback operation begins.

mponents R2 and C2 control the AGC operation
he ISD1020A’s infemal microphone preamplifi-
The AGC pin has an impedance of about 5K
1s. This resistance plus C2 determines the at-
k time of the AGC which should be very fast. R2
1 C2 together determine the release time of
AGC which should be fairly slow,

connects the oulput of the microphone
ampilifier (ANA OUT, pin 21) to the analog input
A IN, pin 20) of the ISD1020A. These pins are
ught out extemally so the user can control the
frequency response of the recording or direct-
xccess the analog storoge memory of the
1020A. A 1 uF capacitor at this location sets
low frequency response to 80 Hz. Users who do
want to use the AGC should capacitively cou-
fo the ANA IN pin with an 50 millivolt pegk-to-
3k signal.,

.vl

The speaker output of the ISD1020A is designed fo
drive a 16-ohm speaker. To use an 8-ohm speak-
er, install R8 to bring the Impedance into specifi-
cation. If you use a 16 Q speacker, R8 should be
replaced with a wire jumper,

The ISD1000A series does not have a "RUN’ output 1o
show when a device is playing back speech.
Such a signal is easy to create, however, using a
pair of the two input NOR gates contained in a
4001. These gates (U2A and U2B) are connected
in a “cross-coupled” configuration and are set by
PO signal going LOW at the beginning of Playback
and reset by EOM going LOW at the end of a mes-
sage. The resulting signal drives the base of the 2
2N2222 tansistor through R21. U2D keeps the
gate from being set during a record operation.
U2C and the RC network C15 and R20 correct a
possible race condition between the PD signal
and EOM.

OPERATION

Operation of the circuit is simple. To record a mes-
sage. change the Record/Playback switch to
fecord, then press and hold the desired address
button for the duration of the message. To play
the message back, change the Record/Playback
switch bock to Ployback and momentorily press
the button, The ISD1020A will replay the message.

Keep in mind when recoiding @ new message
that if you record a message longer than the ad-
dress space you have reserved for i, you will begin
erasing the next message in the seres (unless you
go info memory overflow). If you then try to select
the message you just erased part of, you will get
the end of the new message starting ot the mes-
sage address of the message youjust “comupted.” if
you want to record a message longer than its al-
lowed message space, just go ahead and do it.
Just remember that the next message is not avail-
able in this instance.
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Figure 8: Radio Notepad Schematic
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1. D7 Is a polarity protection diode.
2. D8, D9, and D10 are IN?14
3. R10, R11, R12, and R13 are 47 KQ.

ISD 11



plication Information for ChipCorder Products

Circuit Examples for ISD1000A and 1SD2500 Products

\DIO NOTEPAD

3 cireutt in Figure 8 presents a method of storing
ee different 16-second messoges using o
eaker input. The suggested application is for re-
rding messages from a radio recelver.

are are many applications that require the re-
1ding of audio directly from a speaker. A short-
ve listener-hobbyist may want fo record an
ent heard on a shoriwave or two-way radio
annel. There may be a call sign, a radio fre-
ency or some other information announced
er the air that needs recording for later review.
J public safefy envionment, a police dispatch-
may want to record an incoming call for assis-
1Ce to ensure no details are missed.

h the circuit in Figure 8, a simple two button se-
ance is all it takes o record the next 16 seconds. A
gle push of a button plays each messoge
ck. Three ISD1016As are used to hold indepen-
nt messages. An ISD1020A could be used in-
ad if desired. This circuit example also
monstiates an ISD1000A device wn entirely
T push butfons.

W IT WORKS

»heart of this application is a 4044 CMOS Quad
ND R-§ Latch and a VN10 FET fimer. The 4044
) “remembers” which message button has
en pressed when a Record or Playback opera-
1 is desired. The FET timer enables a record op-
tion for its time perod. The 1est of the ciicutt is
wipally diode steered logic.

layback operation is inftiated by pressing $2, 53
$4 (MSG 1, MSG 2 and MSG 3 respectively)
ich resets the appropriate section of U4. The
put of the cleared Flip Flop goes LOW, en-
ing the comrect CE for the ISD1016A holding the
ssage selected. This output also pulls C13 LOW
Jsing Q1 to initiate a PD cycle clearing any pos-
& overflow condition. The base of Q1 is pulled
¥, allowing R3 to pull its collector HIGH, reset-
) the PD pins of U1-U3. As R9 charges C13 back
the PD line retums LOW. When the PD cycle
Is, the selecfed device plays back ifs stored
ssage. When a set EOM bit is found or an over-

flow occurs in the operating 1SD1016A, Playback
stops and the EOM signal goes LOW, setting the
U4 tlip flops through D8, D9 or D10. Or, @ momen-
tary press of the STOP button resets the set R/S flip-
flops and initiates a PD cycle. This also ends Play-
back.

Arecord operation is started by first pressing the 81
"Record” button. This clears the Record Enable
section of U4 (R0/SO/Q0) whose Q output goes fo
the P/R input of all the ISD1016A's. This holds these
pins LOW or in the record state. This flip-flop stays
Cleared until the Q3, R14, C14 network times out,
When this happens, the signal from the collector
of the Q2 NPN inverter transistor sets the first sec-
tion of U4, returning all the P/R inputs HIGH, back to
Playback. If $2 through $4 is pressed while the Q3
timer is running, the appropriate 1ISD1016A will start
recording. A press of the STOP bufton will end re-
cording by forcing the chip enable lines HIGH out
of U4 and sefting an EOM bit in the recording de-
vice, U1-U3. The values of R14 and C14 are cho-
sen so that the P/R pins are held LOW throughout
the complete record cycle, or in this example,
greater than 16 seconds. If an ISD1020A is used,
the value of R14 should be made greater so this
time period is greater than 20 seconds,

OPERATION

To operate the radio notepad, connect the input
across the specker terminals and apply power. To
record, press the record Enable $1 button then im-
mediately press $2, 83 or 4, Recording will stort
with the press of the second button, The record En-
able LED, D1, along with the RUN LED, D2, will indi-
cate that a record operation is in progress. To stop
tecording, or to clear a record Enable condition
before it imes out, press the S5 Stop button. To
Playback, press §2, §3 or $4. The message record-
ed in the appropriate 1ISD1016A will Playback until
the 16 seconds is complete ot a set EOM bit is
found in the device's EOM memoty. The RUN LED,
D2, will indicate when a message is being played
back. To stop Playback, press Stop.

Some experimentation with the seting of the R8
Record Level pot may be necessary to get good
1esults,
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USING THE iSD2500 SERIES WITH A MICROCONTROLLER

The record and playback duration of the 1ISD2500
series make it possible to pefform several func-
fions with a single device. A chip with 32 or more
seconds of storage may be used in a number of
ways. A library of permanent words, phrases or
sounds may be individually played back under
external control. Aitematively, this device might be
used fo record and randomly retiieve arbitrary
length messages. A combination of these two ap-
proaches is Qlso possiole.

Combinational logic may be used to achieve
these ends. This approach is complex, however.
An inexpensive microcontioller is o simpler and
much more fiexible solution. The following notes
demonstrate several methods of using a single
chip microcontoller to control an ISD2500 device.

NOTE  The address Iines of all ISD single-chip
record/playback devices are not micro-
processor bus compatible. if a device Is
to be used on a bus orlented system, the
address fines must be buffered and

latchea,

CONVENTIONAL MODE OPERATION

An obvious method of driving the device is to op-
erate it in the conventional mode. The sequence
for such an operation is as follows:

1. Change the PD 'pln to LOW and delay Tpyp
(see the ISD2500 serles data sheets). This will
power up the device.

2. Apply the deslred address to the address
inputs.

3. Apply the comect level to the P/R pin as de-
sired (0 = record, 1 = play).

4. Puise TE LOW to begin Playback, hold TE
low fo begin record, bring CE back HIGH to
end record,

5. Iflow power is required, change PD back to
HIGH when the operation is complete.

The timing of the above sequence is not critical at
microcontioller speeds. For instance, required ad-
dress sefup timing (Tsgr) is 300 nanoseconds be-
fore the falling edge of CE. Few microcontiollers
can execute fast enough to violate this timing.

A mictocontoller may be used to detect the end
of a normal speed Playback operation in at least
wo ways.

Since the EOM pulse width in the fastest
ISD2500 series parts (1ISD2532/60) is over 12.5
milliseconds long, it is possibie to poll this input
and watch for it to go LOW.

An altemative method would be to connect
the EOM pin to the microcontroller's interupt
input. If an edge-tiggered intermupt sense is
available, it may be more efficient to sense
the rising edge of EOM. This is because a new
CE initiated operation cannot begin until EOM
pin returns to the HIGH state.

The I1SD2500 series includes the OVF pin to indi-
cate the overflow or messoage full condition. Dur-
ing Playback the OVF pin pulses LOW for
approximately 6 micioseconds when overflow is
reached. The EOM pin does not go LOW at overfiow
unless an EOM bt is set in last fow of the analog
memory. After the initicl OVF pulse goes LOW, the
OVF pin will rack the TE input as long as the de-
vice remains in overfiow. This pin is nomailly used
1o coscade muttiple 1SD2500 devices together.

The original short OVF pulse may be detected us-
ing the microcontroller's extemal interrupt input.
An alternative technique would be to hold CE
LOW, even durng Playback. The OVF pin will now
go LOW and stay LOW at overflow and may be
detected by poling. In this example, a faliing
ECM must be detected ond used to force CE
back HIGH. CE must go back HIGH before EOM
goes HIGH. if EOM goes HIGH with CE still LOW, the
set EOM bit will be skipped and the device will
continue on playing back the next message.

18D

13



lication Information for ChipCorder Products

Circuit Exampiles for ISD1000A and 1SD2500 Products

ISAGE CUEING “FAST FORWARD"” OPERATION

ne applications may require the use of the
ssage Cueing MO Operational Mode. This
de allows the user to *fast forward” through the
ssage space of the device (see the section on
erational Mode). When operating in this mode,
15D2500's infemal fiming is sped up by a factor
}00. The ECM puise width now may be as smail
11 ms. (A general discussion of Message Cue-
timing may be found in the section on Opera-
ial Modes.) This fiming is 100 short 1o aliow for
led operation In most microcontrollers, The ex-
al intermupt should be used to detect EOM in
instance.

count is often a factor when using a microcon-
er. The designer may not want to tie up 8 pins
address plus PD, CE, PR. OVF and EOM. This is
otal of 13 pins. An altemative approach is to
+ the Message Cueing MO Operational Mode
' the M4 consecutive addressing mode. This
dlication requires the connection of only 4 pins
he microcontroller: PD, CE, PR, OVF, EOM and
. M4, A8 and A9 are permanently tied HIGH
1 all the rest of the address pins are tied LOW.
juential recordings of multiple messages of
dom length and the playback of those mes-
jes in any order are possible in the following se-
ances.

juential Recording
l. MO is left LOW throughout recoid.

.. Change the PD pin to LOW and delay Tpp.
3. Change PR to LOW.

). Hold CE low to begin the first tecord. Bring
CE back HIGH to end record.

3. Additional record operations may be done
using sequence 4. Each recording will be
appended o the end of the previous with
an EOM flag bit set af the end of each
messages.

b OVF will go LOW if the device overflows dur-
ing record.

'. At the end of the record sequence, PD is
taken HIGH fo power down the device and
1o reset the intemal address counter,

Playback of Messages in Any Order

To ployback message "N," perform the following se-
quence:

1. Change the PD pin to LOW and delay Toyp.
2. Change PR to HIGH.

3. If N=1 (the first message), then AC =0,
and pulse CE LOW. The fitst message will
play then stop.

4. IfNis greater than 1, you must first execute
N-1 A0 Message Cueing Operational
Mode cycles by doing the following:

a. Change A0 to HIGH.
b. Puise CE LOW for less than 10 us.

c. Either watch for a LOW EOM (may be
as short as 11 us) or pause for ap-
proximately 100 ms.

d. Each time you find an EOM, you
have reached the end of a mes-
sage. You will have moved silently
through a message at 800 times
nomal speed.

e. Subtract 1 from N. If N does not
equal 1, proceéd to sequence (q)
and do it again.

5. If N has been subfracted down to 1, then
change A0 1o 0 and pulse CE LOW. The Nth
message will play at normal speed.

NOIE  The fimings above are approximate. See
the Operational Modes for a general dis-

cussion of Message Cueing Timing.

PUSH-BUTTON MODE OPERATION

The 1ISD2500 series device includes a new Opero-
tional Mode called "Push-Button Mode.” This Mé
Operational Mode changes the functionality of
the CE, PD and EOM pins. The operations of these
pins are fully explained in the Operational Mode
section. A microcontroller may be used with this
mode to gain several important extra features.
Push-Button Mode allows the user to sequentially
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playback several messages then change to
record and add additional messages at the end
of those already played. This also allows the de-
signer fo power-down the device between se-
quential record operations, an important feature
in battery powered applications.

Sequential Record with Power-Down
in Between

In the following sequences, M4, M6, A8 and A9 of
an15D2560 are tied together and to a pin of the mi-
crocontroller. The AQ Message Cueing Operational
Mode is used as Indicated. All the other address
pins are tied LOW. It is only necessary to use & pins
from the microcontroller, PD (Stop/Reset), CE (Stan/
Pause), EOM (un), PR, A and the combined M4,
M6, A8 and A9. These combined pins will be
called Op Mode Control. EOM is tied to the micro-
contioier's extemal interupt pin. The microcontoller
should be set up for a negative edge triggered
interrupt. OVF is not needed as explained below.

To achieve flexible message control, the micro-
controller must keep track of the number of mes-
sages recorded and played back. This count will
be used with the A0 Message Cueing “fast for-
ward” function fo record messages sequentially
and play them back in any order.

NOTE A false Interrupt Is generated each time a
control operation causes the EOM to fall.
These Interrupfs shouﬁge Ignored by the
microcontroller, The EOM pin wil go LOW
and generate a wanted interrupt under two
clrcumstances: during Playback or Messoge
Cueing when a set EOM bit Is encountered
and aduiing record when the device goes
into overfiow. This also allows the designer
to determine when overflow Is reached
without looking at the overflow pin.

1. The sequence begins with PD HIGH, PR
HIGH, CE HIGH and Op Mode control LOW.

2. Setup torecord of the first message by tak-
ing PD LOW, P/R LOW, and Op Mode con-
trol HIGH.

When the OP Mode control pin goes HIGH,
the EOM pin (which becomes the active
HIGH run pin in Push-Button Mode) pin will
go LOW to indicate the operation has not
yet started. This will cause an interrupt in the
microcontroller that should be “discarded.”

To beginrecord, pulse CE LOW (a pulse be-
gins and ends record in Push-Button Mode).
The EOM pin will go HIGH to indicate an op-
eration in progress. When recording is fin-
ished, pulse CE LOW to end the recoid
cycle. The EOM pin will go LOW and gener-
ate another false interrupt.

After the completion of the record, change
the Op Mode control pin fo HIGH, and take
PD HIGH. This powers down the 1SD2560 de-
vice 1o typicdally 1 micrcamp.

To record the second message, take PD
HIGH (Tpyp delay), PR HIGH, and Op Mode
control HIGH (false interupt). We are now
positioned at the beginning of the first mes-
sage. Take AQ HIGH and pulse CE LOW. This
puts the device into Message Cueing “fast
forward” and jumps to the end of the first
message. The EOM pin will go HIGH and
then LOW to indicate the end of the first
message has been found. The EOM inter-
upt may be used by the microcontroller to
process this,

. A0 may now be taken LOW, PR changed

to LOW, and a new record cycle begun. A
unique feature of Push-Bution Mode keeps
the internal address pointer of the ISD2560
from being reset during the change of PR
from HIGH to LOW. Recording of the second
message will begin at the end of the first
message. The set EOM bit of the end of the
fiist message will remain. The device may
again be powered down.

Subsequent recordings may be made us-
ing additional A0 Message Cueing opera-
tions.

I1SD

15



ilication Information for ChipCorder Products Circuit Examples for ISD1000A and 1SD2500 Products

iyback Operations OTHER NOTES

yback of any message may be achisved us- A continuous LOW on the interrupt input of some
) the Push-Button and AQ Operational Modes. microcontrollers may interfere with other types of
1. The sequence begins with PD HIGH, PR interrupts. The reason that the device is taken out

of Push-Button Mode after each operation is to
HIGH, CE HIGH and Op Mode contidl LOW. - 0 P et pin go HIGH in the static state. This

2. Change PD 1o LOW (Tpyp), and Op Mode  frees up the microcontroller's interupt structure.

contiol HIGH (false inferupt). All Push-Bution Mode operations will be slowed by
3. Take AOHIGH and execute N-1 Fast Forward the debounce timer built into this function. A delay

operations. of Tpg will occur with each Push-Button Mode op-
8. Take AG LOW and pulse CF LOW fo begin ~ S@toM

playback of the desired message.
3. Afaling EOMindicatesanendofmessage  CONCLUSION

has been found.

The above explanations show one of maony possible
5. Take Op Mode contiol LOWandPDHIGHIo ~ ways to control the 1SD2600 series device with o

power-down the device. microcontioller. The designers should review this
Information and apply thelr unique perspective to
the application they are designing.

RECORDING INDICATOR LIGHT

The circuit shown in Figure 9 is a simple method of
using an LED to indicate when a record operation is
in progress with an ISD1000A series device.

Figure 9: Recording Indicator Light for ISD1000A

J

R2
5.1KQ

PIN 28 - VCC
Di $ D4
PIN 25 — EOM\ % ¥ "RECORDING' LED
IN914
D2
PIN 23 - CE %I t  Ql
IN 23 - CE\ l\ 212907A
IN914
R
63 100 K2
PIN 27 - P/R\
IN914
PIN 12 - GND

"E:  [his clrcult will turn on the LED only when actually recording, It requires a valid record selection {P/R LOW), and
CE LOW fo tumn on. Af the end of the time In the chip. FOM goes LOW and furns off the LED.

Voice Solutions in Silicon™



The Seven-Segment LED Page 2 of 8

possible number of LEDs in such a way as to represent only numbers in a simple
fashion.

This requires just seven LEDs (plus an eighth one for the decimal point, if that is
needed). A common technique is to use a shaped piece of translucent plastic to operate as a
specialized optical fiber, to distribute the light from the LED evenly over a fixed bar shape.
The seven bars are laid out as a squared-off figure "8". The result is known as a seven-
segment LED.

We've all seen seven-segment displays in a wide range of applications. Clocks,
watches, digital instruments, and many household appliances already have such displays.
In this experiment, we'll look at what they are and how they can display any of the ten
decimal digits 0-9 on demand.

Seven-Segment Display Layout

The illustration to the right shows the basic layout of the segments in

. ; ; . a
a seven-segment display. The segments themselves are identified with

| | ] " " 2 " —
lower-case letters "a" through "g," with segment "a" at the top and then
counting clockwise. Segment "g" is the center bar. f g b

Most seven-segment digits also include a decimal point ("dp"), and

some also include an extra triangle to turn the decimal point into a e ¢
comma. This improves readability of large numbers on a calculator, for - @
example. The decimal point is shown here on the right, but some display d dp

units put it on the left, or have a decimal point on each side.

In addition, most displays are actually slanted a bit, making them look as if they were in
italics. This arrangement allows us to turn one digit upside down and place it next to
another, so that the two decimal points look like a colon between the two digits. The
technique is commonly used in LED clock displays.

Seven-segment displays can be packaged in a number of ways. Three typical packages
are shown above. On the left we see three small digits in a single 12-pin DIP package. The
individual digits are very small, so a clear plastic bubble is molded over each digit to act as
a magnifying lens. The sides of the end bubbles are flattened so that additional packages of
this type can be placed end-to-end to create a display of as many digits as may be needed.

The second package is essentially a 14-pin DIP designed to be installed vertically. Note
that for this particular device, the decimal point is on the left. This is not true of all seven-
segment displays in this type of package.

file://C:\Documents and Settings\Microsoft\My Documents\GONDRONG\Sekripsi da... 12/03/2006



The Seven-Segment LED Page 3 of 8

One limitation of the DIP package is that it cannot support larger digits. To get larger
displays for easy reading at a distance, it is necessary to change the package size and
shape. The package on the right above is larger than the other two, and thus can display a
digit that is significantly larger than will fit on a standard DIP footprint. Even larger
displays are also available; some digital clocks sport digits that are two to five inches tall.

Seven-segment displays can be constructed using any of a number of different
technologies. The three most common methods are fluorescent displays (used in many
line-powered devices such as microwave ovens and some clocks and clock radios), liquid
crystal displays (used in many battery-powered devices such as watches and many digital
instruments), and LEDs (used in either line-powered or battery-powered devices).
However, fluorescent displays require a fairly high driving voltage to operate, and liquid
crystal displays require special treatment that we are not yet ready to discuss. Therefore,
we will work with a seven-segment LED display in this experiment.

Schematic Diagram
a b c d e f g dp
Mld‘ ;LV' lu ly‘ lw i«‘ ~

COMMON
CATHODE

COMMON
ANODE

FEFRRRTE

As shown in the two schematic diagrams above, the LEDs in a seven-segment display
are not isolated from each other. Rather, either all of the cathodes, or all of the anodes, are
connected together into a common lead, while the other end of each LED is individually
available. This means fewer electrical connections to the package, and also allows us to
easily enable or disable a particular digit by controlling the common lead. (In some cases,
the common connections are made to groups of LEDs, and the external wiring must make
the final connections between them. In other cases, the common connection is made
available at more than one location for convenience in laying out printed circuit boards.
When laying out circuits using such devices, you simply need to take the specific
connection details into account.)

file://C:\Documents and Settings\Microsoft\My Documents\ GONDRONG\Sekripsi da... 12/03/2006



The Seven-Segment LED Page 7 of 8

of the two segments in this orientation.

When you turned on every switch except SO, you saw a digit 8, where all seven
segments were turned on. However, when you reversed the LED display unit again, you
saw a digit O with the decimal point turned on. This indicated that the decimal point and
segment g are connected to opposite but corresponding pins.

To verify this and all other connections, you reversed the LED display once more and
then identified which switch controls which segment in the inverted position. You
discovered that S6 through S1 still controlled segments a through f, whether the LED
display is right side up or upside down. Only segment g and the decimal point are
interchanged.

This arrangement is deliberate. It often simplifies the layout of printed circuit boards. In
addition, a common technique used in digital clock displays is to turn the tens of minutes
digit upside down and use its decimal point in tandem with the hours digit decimal point to
form a colon.

Most single-digit 7 segment displays are set up this way, with the segment connections
symmetrical. In some cases, however, the common connection is not shared among all
LEDs. Rather, multiple common connections (common cathode for this experiment) must
sometimes be linked externally to enable all segments. In the case of the LED display we
specified for this experiment, all LED cathodes are connected together, and to the center
pins at the top and bottom of the package. The black jumper grounded the cathodes
regardless of the orientation of the display. The actual pin connections to the specified
display unit are ('K' represents the common cathode):

gfKab

cd
echp

You should also have found that it's not hard to form all ten digits using the 7-segment
display. Digit 2, for example, requires segments a, b, d, e, and g. Digit 3 removes segment
e from that list, and adds segment c. The two digits 6 and 9 have two possibilities each.
Digit 6 can be made with or without segment a, and digit 9 can be made with or without
segment d. You can choose either method, but for consistency you should treat both digits
the same way. Except for that possible variation, your ten digits should have looked like
this:

file://C:\Documents and Settings\Microsoft\My Documents\GONDRONG\Sckripsi da...  12/03/2006



When you have completed this experiment. make sure power to your experimental
circuit is tumed off. Remove all of the orange jumpers from your breadboard socket and

put them aside for later use. Leave the 7-segment LED display and its black jumper in
place for the next experiment.

Your next experiment is: The Seven-Segment LED Driver

All pages on www.play-hookey.com copyright © 1996, 2000-2005 by Ken Bigelow
Please address queries and suggestions to: webmaster@play-hookey.com
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LM386

General Description

The LM386 is a powar amplifiar designed for use in low voit-
age consumer applications. The gain is internally set to 20 to
keep axternal part count low, but the addition of an external
rasistor and capacitor between pins 1 and 8 will increase the
gain to any vatue from 20 to 200.

The inputs are ground referenced while the output automati-
cally blases to one-half the supply voltage. The qulescent
power drain is only 24 miliiwatts when operating from a 6 voit
supply, making the LM388 ideal for battary operation.

&National Semiconductor

Low Voitage Audio Power Amplifier

August 2000

Features

® Batlery operation

&8 Minimum external parts

8 Wide supply voltage range: 4V-12V or 5V-18V

® Low quiescent current drain: 4mA

® Voltage gains from 20 to 200

8 Ground referenced input

m Self-centering output quiescent vollage

& Low distortion: 0.2% (A, = 20, Vg = 6V, R_ = 8Q, P =
125mW, f = 1kHz)

= Available in 8 pin MSOP package

Applications

® AM-FM radio amplifiers

® Portable tape player amplifiers
B Intercoms

® TV sound systems

® Line drivers

u Ultrasonic drivers

m Small servo drivers

# Power converters

Equivalent Schematic and Connection Diagrams

s Small Outline,

Molded Mini Small Outline,
and Dual-in-Line Packages

o

cam 4

-iRPUT -

5
-0 Vour

2
- txrut

HRPUT -

GNO

[ oA
L aveass
.

proene Vg

1 Vour

Top View

DSo068976 2

Order Number LM386M-1,
LM386MM-1, LM38EN-1,

LM386N-3 or LM386N-4
See NS Package Number
MOBA, MUAOSA or NOSE

© 2000 National Semiconductor Corporation  DS006976

www.national.com
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LM386

Absolute Maximum Ratings (ote 2)

Dual-In-Line Package

If Military/Aerospace specified devices are required, Scidering (10 sec) +260°C
please contact the National Semiconductor Sales Office/ Small Outline Package
Distributors for availabllity and specifications. (SOIC and MSOP)
Supply Voltage Vapor Phase (60 sec) +215'C
(LM388N-1, -3, LM386M-1) 15V infrared (15 sec) +220°C
sty ieis Lo Yy i N e o
Package Dissipation (Note 3) surface mount devices.
(LM386N) 1.25W Thermal Resistance
(LM386M) 0.73W 9,c (DIP) 37°CW
{LM386MM-1) 0.595W 8, (DIP) 107°CW
Input Voitage $0.4v 8¢ (SO Package) 35'CIwW
Storage Temperature -65°C to +150°C 0.4 (SO Package) 172°C\W
Operating Temperature 0°Cto +70°C 8, (MSOP) 210°C/W
Junction Temperature +150°C 0, (MSOP) 56°'CW
Scidering Information
Electrical Characteristics (votes 1. 2)
Ta=25C -
Parameter Conditions Min Typ Max Units
Operating Supply Voltage (Vg)
LM386N-1, -3, LM386M-1, LM386MM-1 4 12 \
LM386N-4 5 18 v
Quiescent Current (Ig) Vg =6V,Vy=0 4 8 mA
Output Power (P )
LM386N-1, LM388M-1, LM386MM-1 Vg = 6V, R, = 8Q, THD = 10% 250 325 mw
LM386N-3 Vg =8V, R = 8Q, THD = 10% 500 700 mw
LM386N-4 Vg = 16V, R = 32Q, THD = 10% 700 1000 mw
Voltage Gain (A,) Vg =6V, f= 1 kHz 26 dB
10 pF from Pin 110 8 46 dB
Bandwidth (BW) Vg = 6V, Pins 1 and 8 Open 300 kHz
Total Harmonic Distortion (THD) Vg = 8V, R = 8Q, Poyp = 125 mW 0.2 %
f=1kHz, Pins 1 and 8 Open
Power Supply Rejection Ratio (PSRR) Vg = BV, f = 1 kHz, Caypags = 10 pF 50 dB
Pins 1 and 8 Open, Referred to Output
Input Resistance (R;y) 50 k<2
Input Bias Current (Igas) Vg = 6V, Pins 2 and 3 Open 250 nA

tional, it o oot g1

|pecific et

Note 3: For operation in smblont t

antee spacific performance (imia. This assumes that the device is within the Opatati g R
yiven, howsver, the lypical vakie is a good Indication of device performance.

peratures above 25°C, the devios must ba deraled basad on a 150°C Junction
tance of 107°CW function to smblent for the dualin.fine package and 2) a tharmal rasistance of 170°C/W for tha smal outiine package.

Note 1: All voltages are measured with respect to the ground pin, unless otherwiss specified.

Note 2: Absolute Maximum Ratings indicate imits boyond which damage 1o the device may occur. Operating Ratings indicate condiions for which the device is func-
limite Flartrical Charartaristics stata N and AC slactrical spacifications undne particulsr tast ennditions which guar.

gs. Specificath

ara not g

d for p

whera no limit is

P

and 1) a th

| rasis-
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PNP SILICON TRANSISTOR

:ATURES

Power dissipation

Collector

Collector-base voltage

ECTRICAL CHARACTERISTICS (Tamb=25C

Pcw :
current
lew : -0.5

Viericso - 40

0625 W (Tamb=25C)

TO—92

1.EMITTER
2.BASE

3.COLLECTOR

@

[Ee——

123

unless otherwise specified)

Parameter Symbol Test conditions MIN TYP MAX [ UNIT
ollector-base breakdown voltage | V(BR),o lc=-100 R A, =0 -40 A
ollector-emitter breakdown voltage | V(BR)cco lc=-0.1mA, Ig=0 -20 \
mitter-base breakdown voltage V(BR)ggo le=-1001 A, =0 -5 v
ollector cut-off current leeo V=40 V I=0 -0.1 nA
ollector cut-off current leeo Veg=-20 V=0 -0.2 nA
mitter cut-off current leso Vgg=-5 V, I=0 -0.1 HA

Hee (1) Vee=-1 V, Ic=-50 mA 64 300
C current gain(note)
Hee 2 Vee=-1V, 1.=-500 mA 40
ollector-emitter saturation voltage | V (sat) 1c=-500 mA, Ig=-50 mA -0.6 \
ase-emifter saturation voltage Vge(sat) 1c=-500mA, 13=-50 mA -1.2 A2
ase-emitter voltage Ves lg=-100mA -1.4 A
Vee=-6V, |.=-20mA
ransition frequency f; 150 MHz
f =30MHz
LASSIFICATION OF Hgg,
Rank D E F G H I
Range 64-91 78-112 96-135 112-166 144-202 190-300

1g Shing Computer Components Co., (H.K.)Ltd.
nepage: hip. waww wingshie com

E-mail:

Tel:(852)2341 9276  Fax:(852)2797 8153
ic@wingshing.com




{n

9013 NPN SILICON TRANSISTOR
T0—92 —_
=)
FEATURES
Q E 1EMITTER
LAt
Power dissipation R 2888E ]
Pew : 0.625 W (Tamb=25C) u !
3.COLLECTOR

Collector current

3 FRO I TH A

ol

lew 0.5
Collector-base volitage
V(mmo 145

A
(¢ I B U SR/ TH
A

ELECTRICAL CHARACTERISTICS (Tamb=25C

unless otherwise specified)

i % # (REEHIE A )
Parameter Symbe! Test  conditions #IN P MAX UNIT
» & ooy [ RO P (LN JYENH S

Colfector-base breakdown voits

g Aniadl At M o V(BRes | le= 1001 A, =0 45 v
Collector-omitter breakdown voltage _ _ )

ne - 2u|nyY K V(BR):so le=0. t mA, l,—O 25 v
Emitter-base breakdown volta,

AdE--RBHE D %; V(BR)ego | 1=1000 A I.=0 5 v
Collector cut-off current

AQK--ARALDN lcso Vee=40 V k=0 0.1 A
Collector cut-off current _

RAR--RHBMEUE lzeo Vee=20 V1520 01 | una
Emitter cut-off current

AMB--BERILAR leso Vee= 5 Vo 1=0 0.0 | nA
BC cument gaininos) Heg o1, Vee= 1V, 1250 mA (3] 300

A& a4t R M8

Heg .2, Vez= IV, =500 mA 49

Coilactor-emitter saturation volts

s 4 ey 5P ER Veelsal) [ 1.= 500 mA, 1,250 ma 08 | v
Base-emitter saturation voltage A
SRR SRR o Velsat) | 1= 500mA, 1,= 50 mA ﬂ 2/ v
Base-emitter voitage »

SB-RYBENGK Vae le=100mA 14 1V

V.28V .=

hansm&n ﬁ:mm . =BV, 1.=220mA 50 M
i * f =30MHz
CLASSIFICATION OF Hy (320

Raok

vy D E F G H i
2‘,;" 6491 78-112 96-135 112-166 144.220 190-200

Wing Shung Computer Components Co.. (KK )Lid,

Homepage:  hrp:“wavw wingshing com

Tel (852)2341 927¢  Fax.(85212797 8133
E-mail' 1 @wingsiung com




SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B — JULY 1985 - REVISED JUNE 1999

@ Bidirectional Transceivers D OR P PACKAGE
] (TOP VIEW)
© Meet or Exceed the Requirements of ANSI
Standards TIA/EIA-422-B and TIA/EIA-485-A R[] 1 | 8 Vee
and ITU Recommendations V.11 and X.27 ﬁgc 2 7N
® Designed for Multipoint Transmission on DE[] 3 s[]A
Long Bus Lines in Noisy Environments D[] 4 5[] GND

® 3-State Driver and Receiver Outputs
@ Individual Driver and Receiver Enables

© Wide Positive and Negative input/Output
Bus Voltage Ranges

® Driver Output Capability . . . +60 mA Max

® Thermal Shutdown Protection
® Driver Positive and Negative Current
Limiting

@ Receiver Input Impedance . .. 12 kQ Min

® Receiver Input Sensitivity . . . £200 mV

® Receiver Input Hysteresis . . . 50 mV Typ

® Operate From Single 5-V Supply
description

The SN65176B and SN75176B differential bus transceivers are monolithic integrated circuits designed for
bidirectional data communication on multipoint bus transmission lines. They are designed for balanced
transmission lines and meet ANSI Standards TIA/EIA-422-B and TIAJEIA-485-A and ITU Recommendations
V.11 and X.27.

The SNG5176B and SN75176B combine a 3-state differential line driver and a differential input line receiver,
both of which operate from a single 5-V power supply. The driver and receiver have active-high and active-low
enables, respectively, that can be connected together externally to function as a direction control. The driver
differential outputs and the receiver differential inputs are connected internally to form differential input/output
(I/O) bus ports that are designed to offer minimum loading to the bus when the driver is disabled or Vg = 0.
These ports feature wide positive and negative common-mode voltage ranges, making the device suitable for
party-line applications.

The driver is designed for up to 60 mA of sink or source current. The driver features positive and negative current
limiting and thermal shutdown for protection from line-fault conditions. Thermal shutdown is designed to occur
at a junction temperature of approximately 150°C. The receiver features a minimum input impedance of 12 k<,
an input sensitivity of 200 mV, and a typical input hysteresis of 50 mV.

The SN65176B and SN75176B can be used in transmission-line applications employing the SN756172 and
SN75174 quadruple differential line drivers and SN75173 and SN75175 quadruple differential line receivers.

The SN65176B is characterized for operation from —40°C to 105°C and the SN75176B is characterized for
operation from 0°C to 70°C.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
FAY Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

— o
PRODUCTION DATA information is current as of icztion date. . Copyright © 1998, Texas Instruments Incorporated
Produicts conform to specifications per the terms of Texas tnstruments '

y. F jon p ing does not ly include
tosting of all parameters. EXAS

INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265 1



65176B, SN75176B
‘FERENTIAL BUS TRANSCEIVERS

11018 — JULY 1985 — REVISED JUNE 1999

Function Tables

DRIVER
INPUT | ENABLE | OUTPUTS
D DE A B
H H H L
L H L H
X L z z
RECEIVER
DIFFERENTIAL INPUTS | ENABLE | OUTPUT
A-B RE R
Vip202V L H
-02V<Vp<02V L ?
Vips-02V L L
X H z
Open L ?

H = high level, L = low level, ? = indeterminate,
X =irrelevant, Z = high impedance (off)

jic symbolt logic diagram (positive logic)
DE |EN1
RE 2 N EN2
| r
>
p-4 v ——9—4-}% A
1v B

<
RLFVZ J]'I: -

lis symbol is in accordance with ANSI/IEEE Std 91-1984
id IEC Publication 617-12.

{'? TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



SN65176B, SN75176B

DIFFERENTIAL BUS TRANSCEIVERS

SLLS1018 — JULY 1985 - REVISED JUNE 1939

schematics of inputs and outputs

EQUIVALENT OF EACH INPUT TYPICAL OF A AND B /O PORTS TYPICAL OF RECEIVER OUTPUT
Vee - — Vee - Vee
85Q
R(eq) NOM
Input
Output
_ M
U
— GND
Driver input: R(gq) = 3 kQ NOM Input/Output
Enable inputs: R(gq )= 8 kQ NOM Port
R(eq) = equivalent resistor

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)?

Supply voltage, Voo (seeNote 1) ... e 7V
Voltage range atany busterminal ....... . ... . e -10Vto 15V
Enable input voltage, V| ... .. i e e 55V
Package thermal impedance, 64 (see Note 2): Dpackage .............. ...t 197°C/W

Ppackage ...ttt 104°C/W
Lead temperature 1,6 mm (1/16 inch) fromcasefor10seconds ................ciiiieennnn. 260°C

Storage temperaturerange, Tgtg ...

T Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not

implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliabitity.
NOTES: 1. Allvoltage values, except differential input/output bus voltage, are with respect to network ground terminal.

2. The package thermal impedance is calculated in accordance with JESD 51, except for through-hole packages, which use a trace

length of zero.

recommended operating conditions

MIN TYP MAX | UNIT
Supply voltage, Vcc 475 5 525 \
Voltage at any bus terminal (separately or common mode), Vj or V|c ji \
High-tevel input voltage, Vin D, DE, and RE 2 v
Low-level input voltage, V)i D, DE, and RE 0.8 \
Differential input voltage, V|p (see Note 3) +12 \
High-level output current, o Driver —60 mA
Receiver -400 HA
Driver 60
Low-level output current, I - mA
Receiver 8
Operating free-air temperature, Ta, SNes1768 —40 105 °C
SN75176B 0 70

NOTE 3: Differential-input/output bus voltage is measured at the noninverting terminal A with respect to the inverting terminal B.

Q’f TEXAS
INSTRUMENTS

POST OFFICE BOX 855303 ® DALLAS, TEXAS 75265



65176B, SN75176B
‘FERENTIAL BUS TRANSCEIVERS

1101B — JULY 1885 — REVISED JUNE 1999

DRIVER SECTION

ctrical characteristics over recommended ranges of supply voltage and operating free-air
1perature (unless otherwise noted)

PARAMETER TEST CONDITIONST MIN TYPf MAX| UNIT
Input clamp voltage lj==18 mA -1.5 \%
Output voitage lo=0 0 6 \
D1l Differential output voltage lo=0 1.5 3.6 6 v
_ . 12Vop1
R =100 Q, See Figure 1 \
o2l  Differentiat output voltage L 9 or21
Ry =54 Q, See Figure 1 15 25 5 \
D3 Differential output voltage See Note 4 15 5 A
ool Change in magnitude of differential output +0.2 v
voltage§
c Common-mode output voltage RL=54Q0or100Q, See Figure1 :? Vv
, Change in magnitude of common-mode
ocl  gutput voltage§ 02| v
i Vo=12V 1
Output current Output disabled, 0 mA
See Note 5 Vo=-7V -08
High-level input current V=24V 20 A
Low-level input current V=04V -400 pA
Vo=-7V -250
L Vo=0 150
3 Short-circuit output current mA
Vo= Vce 250
Vo =12V 250
Outputs enabled 42 70
: Supply current (total package) No load - mA
Qutputs disabled 26 35

e power-off measurementin ANSI Standard TIA/EIA-422-B applies to disabled outputs only and is not applied to combined inputs and outputs.
typical values are at Vo = 5 V and Tp = 25°C.

el.

e minimum Vo p2 with a 100-Q load is either 1/2 Vpp1 or 2 V, whichever is greater.
‘ES: 4. See ANSI Standard TIA/EIA-485-A, Figure 3.5, Test Termination Measurement 2.

not apply for a combined driver and receiver terminal.

itching characteristics, Voo =5V, Ry = 110 kQ, Ta = 25°C (unless otherwise noted)

/oDl and AVl are the changes in magnitude of Vop and Vo, respectively, that cccur when the input is changed from a high level to a low

5. This applies for both power on and off; refer to ANSI Standard TIA/EIA-485-A for exact conditions. The TIA/EIA-422-B limit does

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
oD)  Differential-output delay time . 15 22 ns
- - — RL =549, See Figure 3
)p)  Differential-output transition time 20 30 ns
H Output enable time to high level See Figure 4 85 120 ns
L Output enable time to low level See Figure 5 40 60 ns
4 Output disable time from high level See Figure 4 150 250 ns
z Cutput disable time from low level See Figure 5 20 30 ns

‘Q? Texas
INSTRUMENTS

POST OFFICE BOX 6855303 ® DALLAS, TEXAS 75265



SN65176B, SN75176B
DIFFERENTIAL BUS TRANSCEIVERS

SLLS101B — JULY 1985 — REVISED JUNE 1999

SYMBOL EQUIVALENTS
DATA-SHEET PARAMETER TIA/EIA-422-B TIA/EIA-485-A
Vo Voa, Vob Voa, Vob
VoDl Vo
Vop2| V(R =100Q) ViR =54 Q)
Vi (Test Termination
IVoosl Measurement 2)
Avopl | V=l | | V-V |
vVoc [Vosl
AVocl [Vos — Vos| [Vos — Vos!
los llsal. llsb}
o Ixal, llxbl
RECEIVER SECTION

electrical characteristics over recommended ranges of common-mode input voltage, supply
voltage, and operating free-air temperature (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYPt mMAX | UNIT
ViT+ Positive-going input threshold voltage Vo=27V, lo=-04mA 0.2 "
ViT- Negative-going input threshold voitage Vpo=05V, lop=8mA -0.2% \
Vhys Input hysteresis voltage (ViT+ - ViT-) 50 mv
VIK Enable Input clamp voltage j=-18 mA -1.5 \
VoH High-level output voltage \S/:a% T:;g?e";\/ loH = —400 A, 27 v
Vou Low-level output voltage ;L% T:';ﬁgfzmv loL=8mA, 0.45 \
loz High-impedance-state output current Vo=04Vio24V +20 HA
ly Line input current (S);Ze;:;‘:g =0V, x: ; Ei\\// _ 0.; mA
1%} High-level enable input current VIH=27V 20 nA
iL Low-level enable input current V=04V -100 pA
Tl Input resistance Vi=12V 12 k2
los Short-circuit output current -15 -85 mA
Icc Supply current (total package) No load Outputs enabled 42 3 mA
Outputs disabled 26 35

1 All typical values are at Voc = 5 V, Ta = 25°C.
¥ The algebraic convention, in which the less positive {more negative) limit is designated minimum, is used in this data sheet for common-mode
input voltage and threshold voltage levels only.

NOTE 6: This applies for both power on and power off. Refer to EIA Standard TIA/EIA-485-A for exact conditions.
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65176B, SN75176B
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itching characteristics, Voo =5V, Cp =15 pF, T =25°C

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
H Propagation delay time, low- to high-level output . 21 35 ns
- - - Vip=0to3V, SeeFigure6

I Propagation delay time, high- to low-level output 23 35 ns

Output enatle time to high leve! ) 10 20 ns
- See Figure 7

L Output enable time to low leve! 12 20 ns

iz Output disable time from high level . 20 35 ns
- - See Figure 7

Zz  Output disable time from low level 17 25 ns

PARAMETER MEASUREMENT iNFORMATION

—
Vip
+l L _|
Voc VOL o OH
2
£ = = — =
Figure 1. Driver Vgp and Vg¢ Figure 2. Receiver Vg and Vg
———— 3V
_T_ Input f1.5v %1.5v
= (see Note A)
RL=540
enerator 50 Q t Output td(0D) » e e td(oD)
e Note B) | l ——— =25V
I 3V Output 50% rsy
top) » & ty(oD)
TEST CIRCUIT VOLTAGE WAVEFORMS

TES: A. Cy includes probe and jig capacitance.
B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, {, <6 ns, ti< 6 ns,
20=50Q

Figure 3. Driver Test Circuit and Voltage Waveforms
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——— 3V
Input 15V 15V

Output

OVor3V | | ov
RL=110Q tPzH ""’: | fi_vaH
—— own sy | NF
tpHz » = Voff-0V
- TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cg includes probe and jig capacitance.

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t, < 6 ns, tf< 6 ns,
Zp=50Q

Figure 4. Driver Test Circuit and Voltage Waveforms

5V

Input
RL=110Q 15V 1.5V oy
Output l l

| |
tpzL —ﬂ—JI I tpLz
|

3Vorov

[
Generator | 0.55 \\I,
(see Note B) Output 23V _{_
3 VoL
TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. C_ includes prcbe and jig capacitance.

B. The input pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, t; <6 ns, tf<6ns,
Zp=50Q

Figure 5. Driver Test Circuit and Voltage Waveforms

————3v
Generator Input 1.5V 15V
{see Note B) 510 . l : oV
CL=15pF tpLH —p-¥ b tppy
= (see Note A) | ——— Vou
oV —
- Output 13V 13V

VoL

TEST CIRCUIT VOLTAGE WAVEFORMS

NOTES: A. Cj includes probe and jig capacitance.

B. Theinput pulse is supplied by a generator having the following characteristics: PRR < 1 MHz, 50% duty cycle, tr< 6 ns, tf< 6 ns,
Zo=50Q.

Figure 6. Receiver Test Circuit and Voltage Waveforms
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PARAMETER MEASUREMENT INFORMATION

S1

1.5V
-5V —©°

CL=15pF
(see Note A)

Generator
(see Note B)

- TEST CIRCUIT

3V 3V

15V 15V
Stto1.5v S1to-15V

ov S20pen 0V S2Closed
S$3 Closed S3 Open

Vou

~45V
—— 0V
VoL
v v
St1t01.5V S1to-1.5V
S2 Closed S2 Closed
S3 Closed S3 Closed
ov ov
v | ———
05V OH 13V
Output "2~ Output 05V
—_——— =13V VoL
VOLTAGE WAVEFORMS

FES: A. Cp includes probe and jig capacitance.
B. The input pulse is supplied by a generatar having the following characteristics: PRR < 1 MHz, 50% duty cycle, ty<6ns, <6 ns,

Zp=50Q
Figure 7. Receiver Test Circuit and Voltage Waveforms
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VOH — High-Level Output Voltage — V

4.5

3.5

25

1.5

0.5

TYPICAL CHARACTERISTICS
DRIVER DRIVER
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
vs vs
HIGH-LEVEL OUTPUT CURRENT LOW-LEVEL OUTPUT CURRENT
T 5
Vec =5V Vee = 5V
TA=25C 4.5 |—Tp = 25°C
>
| 4
-]
s 3
o
\ 8 2.5 II
®
g 2 y
_‘% 1.5 /}
—'i 1 ] /
2 1
0.5
~-20 -40 -60 -80 ~100 -120 0 0 20 40 60 80 100 120
ioH ~ High-Level Qutput Current - mA loL - Low-Level Output Current — mA
Figure 8 Figure 9
DRIVER
DIFFERENTIAL QUTPUT VOLTAGE
vs
OUTPUT CURRENT
4 T T
Vec =5V
. TA =25°C
>l 3.5 ~ A
g ™
g <
S \\
s 25 J
& \
3 , N
s
5
& 15
£
a
1 1
3 \
Y \

0
0 10 20 30 40 S50 60 70 80 90 100

o — Output Current — mA

Figure 10
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TYPICAL CHARACTERISTICS
RECEIVER
HIGH-LEVEL OUTPUT VOLTAGE
RECEIVER vs
HIGH-LEVEL OUTPUT VOLTAGE FREE-AIR TEMPERATURET
Vs
HIGH-LEVEL OUTPUT CURRENT S T T
5 - Vec =5V
ey 45 vp=200mv
iD=9. l 1oH =-440
45| 1 -25¢ 4 OH HA
4 3.5
fommmmomenne=t
35
\ 3
AN

3 \k
25
N Vee =525V
2 \Q/ =5V

Vec =475V \‘\
N

N
o NN
0 -5 -10 -15 -20 -25 -30 -35 -40 -45 -50
loH — High-Level Output Current — mA

Figure 11
RECEIVER
LOW-LEVEL OUTPUT VOLTAGE
Vs

LOW-LEVEL OUTPUT CURRENT

0.6 vo cl ey /
Ta =25°C /
0.5 4
04
/
0.3 /
0.2 //
0.1
0
0 5 10 15 20 25 30

lot. — Low-Level Output Current — mA

Figure 13

VoH - High-Level Output Voltage ~ V
N
(2]

-40 -20 O 20 40 60 80 100
TA — Free-Air Temperature ~ °C

120

tOnly the 0°C to 70°C portion of the curve applies to the

SN751768B.
Figure 12
RECEIVER
LOW-LEVEL OUTPUT VOLTAGE
vs
FREE-AIR TEMPERATURE
0.6 T T
Vece =5V
Vip =-200 mV

% 05} loL=8mA

-]

=]

S

S o4

s

g

3 [ —

O o3

[

>

4

2 02

-

[}

e |
2 04

0

-40 -20 0 20 40 60 80 100
Ta - Free-Air Temperature — °C

Figure 14

120
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TYPICAL CHARACTERISTICS
RECEIVER RECEIVER
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
ENABLE VOLTAGE ENABLE VOLTAGE
*[vipzo2v | s ! ' Vip=-02V
D = 0. Vee =525V 1D ===
Load = 8 kQ2 to GND cc=525 Load = 1kQ to Vge
Ta=25°C 5 l i — Ta=25°C
4 Voo =5.25 V— ! - d § l
>| >' Vec =475V Vee =5V
) _ e '] 4
5 3 Vec =5V Ve =475V— 5
2 S
5 R
2 2
8 2 s
i ! 2
L o
1 1
0 0
0 0.5 1 1.5 2 2.5 3 0 0.5 1 1.5 2 2.5 3
V) - Enable Voltage - V Vi - Enable Voltage - V
Figure 15 Figure 16
APPLICATION INFORMATION
SN65176B SN65176B
SN75176B SN75176B

3 L
S o g

Up to 32
Transceivers
o o0

L4

NOTE A: The line should be terminated at both ends in its characteristic impedance (RT = 20). Stub lengths off the main line should be kept
as short as possible.

Figure 17. Typical Application Circuit
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SEMICONDUCTOR ™

CD4094BC
8-Bit Shift Register/Latch with 3-STATE Outputs
General Description the latch to 3-STATE output gates. These gales are

. § enabled when OUTPUT ENABLE is taken HIGH.
The CD4084BC consists of an 8-bit shift register and a 3-

STATE 8-bit latch. Data is shifted serigily through the shift Features
register on the positive transition of the clock. The output of

the last stage (Qg) can be used lo cascade several B Wide supply voltage range: 3.0V to 18V
devices. Data on the Qg oulpul is transferred to a second B High noise immunity: 0.45 Vpp, (typ.)
output, O’s, on the following negative clock edge. B Low power TTL compatibility:

The output of each slage of the shift register foeds a latch, Fan out of 2 driving 74L or 1 driving 74LS .
which latches data on the negative edge of the STROBE g 3-STATE oulput

input. When STROBE is HIGH, data propagates through opue

Ordering Code:

Order Number | Package Number Package Description

CD4094BCWM M168 18-Lead Small Outline Integrated Circuit (SOIC), JEDEC MS-013, 0.300" Wide

CD4094BCN N16E 16-Lead Piastic Dual-In-Line Package (PDIP), JEDEC MS-001, 0.300" Wide

Deavices also aveliable In Tape and Reel, Specity by appending the suffix lotiar *X" to the ordaring code.
Connection Diagram

Pin Assignments for DIP and SOIC

STROBE =1 ¢ 16=Vpo
- | QUTPUT
DATA—] 2 15 ENABLE
CLOCcK— 3 t4—Q5
o1=—44 131=Q6
Q=3 12p-Q7
Q3—6 1108
Q=17 10 -0'5
Ves—18 ] SN
Top View
Truth Table
Clock | Output | Strobe Data Parallel Outputs Serial Outputs
Qt Qy Qg Q'
Enable (Note 1)
- 0 X X Hi-Z Hi-Z Q7 No Change
~ 0 X X Hi-Z Hi-Z No Change Qr
7 1 0 X No Change [ No Change Q7 No Change
7 1 1 0 0 Q-1 Q7 No Change
P 1 1 1 1 Qy-1 Q7 No Change
~ 1 1 1 No Change | No Change | No Change Q7
X = Dont Care
- = HIGH-toLOW
o = LOW-0-HIGH

Nota 1: At tho postivo clock adge, information in the 7th shift register stage Is transforred to Q8 and Qg.

© 1999 Fairchild Semiconductor Corporation DS005983.prf www.fairchildsemi.com
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Absolute Maximum Ratingsnot 2)
(Note 3)

Recommended Operating
Conditions (note 3)

Supply Voltage (Vpp) -05t0+18Vpc  DC Supply Voltage (Vpp) +3.0 to +15 Vo
Input Voltage (Viy) -05toVpp +0.5Vpe  Input Vollage (Vi) 0 to Vipp Vpc
Storage Temperature Range (Tg) ~65°C10 +150°C  Operating Temperature Range (T,) -40°C to +85°C
Power Dissipation (Pp) Noto 2: “Absolite Maximum Ratings® ara thoso values bayond which tha
. salaty of the devico cannol be guarantoed; thoy aro not mennt to imply that

Busk-in-Line 700 mW tho devices should be operated ol these Bmits. The tables of "Recom-

Small Outline 500 mW  mended Operating Condtilons” and “Elactrical Characteristics” provido con-
Lead Te t ditlons for actuat device operation.

ead Temperature (T, ) Nota 3: Vg = OV unlass othorwise spocified.
(Soldering, 10 seconds) 260°C

DC Electrical Characteristics pot3)

~40°C +35°C +85°C
Symbo} Paramoter Conditions Wi | Wax | Min | Typ | Wax | Wi T Max Units
oo Quiescent Voo = 5.0V 20 20 150 | pA
Device Current Vpo = 10V 40 40 300 | pA
Voo = 15V 80 80 600 | pA
Vor LGW Lovel Voo = 5.0V 0.05 0 | 005 005 | V
Output Voitage Vop=10V  liofs1.0pA 0.05 o | o00s 005 | Vv
Vpo = 15V 0.05 o | 00s 005 | v
Von HIGH Lovel Voo = 5.0V 4.85 395 | 50 495 v
Cutput Voltage Vop=10V  llofS 1A 9.95 9.95 | 10.0 9.95 v
Voo = 15V 14.95 1495 | 150 14.95 v
Ve LOW Level Voo - 5.0V, Vg = 0.5V or 4.5V 15 15 15 | V
Input Voliage Vpp = 10V, Vg = 1.0V or 9.0V 3.0 30 30| v
Vpp = 15V, Vo = 1.5V or 13.5¢ 40 4.0 40 | v
Vo HIGH Lavel Vpo = 5.0V, Vo = 0.5V or 4.5V 35 35 35 v
Input Voltage Vpo = 10V, Vg = 1.0V or 9.0V 7.0 70 70 v
Vop =15V, Vo = 1.5Vor13.5V | 110 1.0 1.0 v
Tov LOW Level Vog = 5.0V, Vg = 0.4V 0.52 0.44 | 0.88 0.36 mA
Output Current Vop = 10V, Vg = 0.5V 13 11 | 225 0.9 mA
(Note 4) Vpo = 15V, Vg = 1.5V 36 30 | 88 24 mA
Ton HIGH Level Vpp = 5.0V, Vg = 4.6V 052 ~0.44 | 0.88 036 mA
Output Current Vpp = 10V, Vg = 9.5V -1.3 -1.1 | 225 -0.9 mA
(Note 4) Vpp = 15V, Vg = 13.5V -38 -3.0 | 88 -24 mA
™ Input Curent Voo = 15V, Vi = OV -03 203 10 | pA
Vpp = 15V, Viy = 15V 0.3 03 1.0 | pa
loz 3-STATE Output Voo = 15V, Vi = OV of 15V 1 1 10 | pA
Leakage Cusrent

Note 4: Iy, and Lo, aro tested one outpul at a time.

www.fairchildsemi.com

o8v60vad



